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OJLS toJp Ol y~~» sila iSfrlxJtJl ^Ul Jl^-I (_j 

St. John’s) yj^r OjL** aJ 5 3i <_J 3"*^ 1-5J^ (Ju^'-*’ 

* p 
y I y>-y c--dJl Jii o~5 .olIj^i^JNlj >_«JI ^ (College 

jUIj t«U3 lljL^x J (_j ^lj 3 ^aJ5J| 

jlkl <3 c»_>^UaJl £»yj aJl^SI d)l o-*JLp (jl ^IjjtpJ 

CJyjj l$-i JjP ojvg-lJl f-l^>-J oilej (OL;Lj)ll 

tLj—lij o| c? ~JL-| oJa (Robert Millikan) jlSCJL* 


3 3 ^® *—33^ 3 ^3«<a ^yy^" !■*» a-J5 

► ■» * <• . 
y>u frLij^jsJl ^ 1 p ljLu (_..>- tLSL^^lfT L ^ilj^ L>t^^ jUi 

^»li (_$JJl cJjJ! jA (iJJJj .i»l yu» JJ Lo 4 jL**>Uj ^»-3 600 i^< 

Jl J»s<» jd! <3jlst Jjl (Thales of Miletus) ,j~JLk V 

(1)15 jJj 3^3“^ *3118 :Jli 5J(>-^11 ijjiiJl 

.iijliJl jljjSll Jp ^>-jVl Jp ^jJ! L** 

« p ^ p 

i ^ 1 ■ ■ ■ ■ * 11 j ^-■ ' >.■ — o^>ti(S ol L^3 ji »As . » 1 Lk o!5 

Auks iiji (jlj t<l)JL*l! 3^ i^*>- *—•’‘W ®^ (J^J^ t yka j»3*l 
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4_ *JuL* 


Ow (i-jUjJU elektron) ul »y 

ojj t^»lp (_yAJl r» tliJi -i*jj oils i_jJh^- 

cJjVl ci~JjJl i£lil i_...Ja c(William Gilbert) o jl>- j 

Jjl dJJJb (jl^s) jl ^U-jJ 1 j! 

il,1a.JLl* t(electrify ^lla./aa ^»JL»Ool 

j* f, * p, 

j ill^i>-'yi jl ojyL>- y> _^il.jaoll IJIa jJp Uiil (_5^>-1 

j*j . ( j>xJL)l y* lio LjUu *lisJLJ* jjjILI JaisM Ip 

Charles Francois de) jjls ji JjLi ytj *l>- 

*LJ«SM jk± llj^iil jUjl i_iJLiSjJ (Cistemay Dufay 
j^Sj j! ojj^pJ> <^1 .ilj^iil ^U»-jJl If:-^ 

.(vitreous) 4-a-la-jj (resinous) iu»ojlj i jJj ys> <Jp 
jl^Ju-o JL>-J dij le-L-iSll «JLa frljj Cy^i (j~«*P l-,-* 1 

,<u^il iiL^la 

j\i>Ua jjljtsoll (J^jUaJl j s-bj^iJl OJla-j 

c-l ■/?• I is^Ju OaJlia (3 (_g.L.lall 1 J-J jljia ^li* 

tA^lji A ,/3>- ilL* ^•jSo ji jl>t*il Aj )a~£-j iLjia 

* * 

y> JL*Jl t_JLM jJ .aislai- a\ j^Vlj La.L»».j jjl^Jl jtSj 
(Hans von Briesen) 0^*-d^ <•> J* J^*ll jt 4* (Ills' iiiyJl 

OlilaJl J • <JLojco Sj jlla ^Jp iJj jlSvJl oil j^o 

<oLoJI 5Jb-L-Vlj ojUaJl jjolL* «ul5 (J 4j«~dl 
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4_ aJUl* 


>XwhJ I O ^ bLwfc] I ) l I*/2A 9 ^ ^ a /2 ^ f 

4^*il j>JLj ^JLauJI vi-u.il> - ! ^>" 


. K J^jlj 4 >L>t.|A> 

■ Oj jJ (J^9 I 1- l, ^S' (J 'lS\.JL-^ Al 0j^9 1 . *1 ^ 

^JA I Jj>- Ij,*.0 0»lji4ai ( jijJ jlap 4-iLij ^|joO-l (_j 
* 

LooJlj ij^>«JLa LJ*lJo-l -l«.a ^jC>^jup (ju jio- j OjjJI 

i_ >j^C± if- 1jAL oljJalJl Ujlp .b»-l>-j joNlj 

> 

(jOs^-Avall Oy AlkJUl j\«JOj t^j-Jli* jL«j^S Jia 'g-^»«- 

^ ^ & & m 

aAaa Lgl*o jl JA~>I JIj (J^i (Ji SjdaiJl d Lj£ 

• B-I^AI (J 


i_j jJLLil 4.Hall jlJLisj a j\]aii\ «bS J^L>- ^ 

oljJaill ^a La .LgJow .>Jt£ L)l JsjJLJl ^ l jn'.l 

COiLS l^a 4~*S 4jL) Jlo *jI jil5 4JJ>c_JLj I O-ilS l.jJ La 

ojiJl5 <o*-iJI oils' IS! . 6j>ol~*^ (W-.JLI (J ■*jAJ 15 jl 

4J>c-^» ^Xp| ■ ^L)j^^U 4-J^Vl oJL>-^Jl jJf J* s /3 I jlJuill (1) 

•0jJ^>l 


Jbuj . ilj?bl oljb tiijjj! O-OPj J^klSI Lojllc-J 

09Jo- .5jiaj bLbJ^/ (jwjjj I)ji oJl (_jlfO te-lP oNjLs^- 


1 *jI jj ( L ^ ■ -- 1 1 ^ 0^a 6 j . ~K . 4 -l f j 

4_S jib' LjjLL>- ^ o jo jil Ss-LaNI JjtAj oils .o<ljUai5l 
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i — 


8 Jh2l\ oJla a!La» 1 Jlai <u»a j jl^JLa LgjLpj Jij iS^s* jl 

t^^pL-p £;lU oli jjj j.L.«Jl j (_£ili-l j jjaJl jj p jJuJl iJL->c~- pI 

l!jLJ|j)^a ^|j-A ^. A>r ., t?l l 1jL5 Lj-> j_^Jl (—Ajl>fcJl3 

> 

JU-Xsj-<-_«5j5 oLiiSlj jjjJl iijlj^jl i j>~j oLj|j j~J^I 

jJ yj tOljNjjJl A-AI&j (JLj«j t—»J jJL> jJJUo 

idjli >w—*l ij>- l^JLU- (Jjilj ojLI^jJLi L^»->t>- f y\Jii oLiL-j 

■Ai> Lj'i ^Jl UJUjO S3-- 8jl y>- LgS-A lU » . - J A—Jll>- ^ ■- ■ A^il 

j_5.iiUaJl s_yJw? SJlL A5H-g.i—.~ La L^ju jl>-I jJl Jilgs j 

jL* 5 L^*^?- |^j a~>tj i_j^i (JJ-AjI j_^p *— 

. (^jL—— a jJJ 


C-Sj CUj 15 Ao.lanJl 4-aJbJl CjIsULs 5NI ^ la< a 

■S ji J.AP ik-uljj t^iljS ^Uwl <^Jbl (Jp (jlJ L-U- L-Jjj 

cJL aj U JlC ^1 ^ - J aa J l ^jjUcJU .Jjf>J.I As^Ijj 

d^wl jl jl>-Ij jilp (_£-bl (_^p Jlj>-Vl i_>1p1 Ojj^-I LiaLgil aJJ 

— A-jL— i-l oLlajJl CJl5 .e-L-ala ‘~di3*w ^Jp (jJJi (1)15 La iblpj 

t J 

. J-*J 1^-3 A-^al^-l 8 ... I' Ak^ul jj jl (^jjJl ^Jp {£ j£~ *-—->-)->• j L)l 

jL 8 jjJl>- LfU£ AalJ ASJj Oj^>-Ij iwJjl>tlll 0 JLA C— a_a— <3 

aUL—-J l 1)1 (^1 4 , ^ 5......tA5JI ^-*-1L ap jjJl L^~|.aajIj L^—L w, y 

a—JL>» xa jJlJ i.a.sU. 11 JJL>Jl aUL- 5 tol^^di a^SU'.U 


12 



A. — »JJLa 


* 

. 4^iwl^j 1 *AjhX^ P’^^l ^yAAj 3 lli^l^ 

* < * * 

AiftLiJl ^,-^aJl LJlp lLJlP ISIS' ^jLlpL^ 

aiI jJl j^j•/*" (J»J oL^vJ j^iJJl coIaJI 4«.»«.«!I j\ \SLj\£L+£ 

(\,\ iwJJall Ijjfc J y£ ^ JLa *jil .4iilo (julj3 i*-s^-> 

jlJjVl ijiaj y» Ji*jI I ^1 ^ll5£ ^ Oyf «^JLk* 
i_jJbJLj 4_yljj 0*ViLico 4^3 .«||^J Ujjl jJ^J ojlil (1)1 Cr^J^ 

j L^j y« ji>-I ^yi^J I jut ..sL*j*y I ^jUlp f-Lsdj (J 

* * ^ 

ya>*-i i£' ®j*A® IfjJJ lJj*^ ^l3jA; jAj) 4-j?Ui-l Nl 4^»^aj 

.cjU~uL^/Vl 4>-l>- ijul-b f (4jl ^ • .« > »I j 

olS (Physics World) «jjjjj ^^ys# iLf oy-l 
^jy Cr* £yj*^l 4jjI ^p btply 4-j cJL^> pi ./a at,.. I 
^JL « Jl <wUjl>fcjlj <Ukjli ^S luJl l.slir.^1 oAfj j*j u_jjb»«i]l 

ISL oJpU~I 9 _y» yt l^S - pbyaJl Jls£ (_j L^JLS^ opL>-j t^jSM 

.4^1ji-l £v?l j! O >j jAj ?i_}UauJl p^II £'■*’_> _P 

oL*y^Jl 4^yj IJbl ^Ja ilJbl ^jjl y« <JlyJl <1)1^ 

^yJ! 4j jJI yiaj p^I I Jut ? 4j5"L>> pL yS^ ^*Lu^l 

O 

iljll (_$! 45yl 4yyba 5JjLst JajI jA> i3Lut y£j ji SI 

01 tdJUS (_|p lj (cijjii (_$l C-^-j ii^iaJl 0 JLf— l y « , >T .. t jl^p>i 
j*JjJ| .Oj\L*- yJp>l ^ .by p^^io jyu ^ jUy£Jl 
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A. _«J jL* 


.O y*-\ LoJCP Jlkj |jb Ji ji y>d\ 

Op 

JJ IjjU- jjf Uajl jAj -(Pythagoras) yj j£\Ls ye- liU 

jiJl -Up 1 la* , t ^1! jl v- a --T^l ^JiJl b\ 

Cj yfi j -Um2j 4J-o^Li^J^ j! jlSj^l ?4 jL« 9,S 4**pbj l*««J Loj 

^i>l jtJ .G (jlj.i 4 j.ljj 4 F jJls4lj 4plijl 4 j^(j 0^9 C 

l—j| j tA»4 ^pl (_£l jjij 0 jA C J| 1 1,^1 ■ ■ op 4 g 1 ^"' a JUp ^Jl 
4^lSjl *Uftl ^J5" jl jjJLpI JLilj .(v-jliS”_jl) 

tajjjJl jJ jl 4jp jl£ l( _£ j>-\ t£j& SJU>- y 1 4jjJio 4-L>- 

* p p 

lilia jJLpj i*jjl j_^lj jUl (jl ^jPj-uSj ^Ijj ijjufc ji 4l$j 
L*jjJb j ^LpSfl 4 jjL«uu ^ Ja^ j*jli 

Op p 

ya 4 -lilj tliljU 4-j^ y> twiilLj .ollilU 4I~» y> 

* 

. d-»UjL>-^jJJ ijC-4^«-s OJ j-ZiS'J <La 

cJl^ jlj 4 y-T UwJij^o (Archimedes) ^ jl5 \^j 

^iJi 1 ii ^jlii 6 1 

_^alaJl (jJjli (jl JLaj £r., q9j jAj 

p * > 

#<LjUaJl ^L-^-Vl# 4l!Lrf ji .ojb»«jl 4-*iaP y> ^JJLlJ 

N C £P>LjJl Jj/juu^j/l ^jl jj ^-bi-l Juu (On Floating Bodies ) 

(J ^j^J^lxJl j^-JUl)): JjIa!I yi, )i f Jl-o LgisLu-ul s ^>«-L 

Cr" J-^-p ^ 1<^ •®^|.jll JjLJljjj (JpSM Jl^iOj 

^■ ^-— il tJ5LiJl * 4 -' iji ^~aS 
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A _ * Jjl * 


Aj^Jil JULI) frill (j '-^1 ^shyM 4^jljjJlJl £^1^11 jfino^l 

S>- (J,\ «_i j.,rt~"j ^IjjjJ! *^*1^11 ^■•■. 4 *' L^JL^Ju <3 , ~- , jL2j 

. .tjl (Jli ^ 

Lf ^iSl »*yi (_j 1 A a laP £^xJ 

CUS' L«j .oLjiall! ^>"1 j» : laP AjJ <J 

A 

A»*^- ^%j2j ^5 O Ji «/7^> S^^Ui olla.>JJ1 l^AIj Aj^P ^L-_>«jI 

^J-P Jl^-m ^jiaJ iijJp J,J — 4j>— LxiI ^\^il ^IJLpxX^U 

<~J6 jL^A-l Oj£j jl . 4ip Lf.U-1 cj0 

* * * 
C-wJ_jj|j yup\ J ja./3,A <, !•>- Oj&j L*jIj L«»«£ 

^-,-D.yalil ipjj aJlS^ cLUS ^ 

eJL>-lj 4 j» 3J A^jiAill OljJail 01 *!-• N 015 Ijjl 
0_jjLi (_i} ^~LJL>" ^PJb 1 ^JLp ' 0^aJl 

tS^Ja>- ajla^- C-aJLaj iiliA .iSji-l <jul^i ^^Lxl 

a j» ( _ J iJ'bl c^yaJU J l *_»ijjJl (_^P (_$j^-l olla*£ (J Laijla 

.j‘*.,a\\ aJiiLi 4a jf^jj 0l5LJLw j>-\ 

0L’>l «u5Ui v L£il IIa \yj j£ Lf j! £^| J^VI 

e-liJU^Nl Jb*-I ^Jp Zij .4jjJL^ <UjUj 

.ualj-^ j_|p aJmJj 8?4 j»jIj jlii yip 4Tjo..«»1t 0^ 

OIfJj (_5 jLx>-I J 4-SljJL*Jl jj (jl jjal 
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4 _ aJjL* 


Mj ^olawil oULL^fl ye- LbS - Ula ( _ r Ji J5 aJ y 

<J j>- jjJJ ^^Jl bf ^S" A.wg jaJI Cjb-lail 

J_p- (Charles Darwin) ( jjjjb jJjLU olla?-t>U jl ^JLill 

cOOjI ^JUl ^^lll *I"“A^I sjlA y^ pAi . j^iA-l j^-ls 

oi^j Ul Nj caJLsjJI AJbil ^il jJl oil js*im I AiLlSo-J 

A I - ^ * is I <uUaJ| ^Ul y* AP y*£- Oj£j (jl *—*b^)l Ijlj- 

cCjl^jxJl yOJuS . ( J-~flJl Ua ^ y> sJuA-l (J^p'ill y » yiS JjutJlj 

- f. p 

^■» L i CQj.J-Cls O_^Jl J AjjjljljjJ (jl J^3j\ sL>- 

sL>- <.(J jA»-l cUl ^ 1 y iJllAj .A-jjjlJl L^Ly?Uo 

j»—J cJjb- JjiJ . JJ y* IOa^ a yi& ol y> Ojjj iyjyjj 
cc_jj?xil ^ cij^oJl <j j£» jl Jbjl lib Cjilp J^J cJa^- y> ijyj? 

•JJ-V 

JjU-l c^l,U:.Jl jJLi cjSy»j e ^>-yt yO^aiJi Jjt>-I 

p, A 

• ji>■ jjll -ii jI*a (J ^jjLlj ajIaw?! Jp J-aaII gjjj I 
James) J y-^yr (Robert Mayer) ^jU Ojjjj J-*- -las 
0-* j* cojl yi-\j Aillajl ye yZjbjll AiUbS”! J (Joule 

(Kelvin) yiiS ijjJJl aJIS U La j yj . a*5IjJI aj^JI (Syr I 

OJu cA,../a,>eJLll AjS.^SfL aJUJI oli JSLII* 1 jJJi ye 
Jjj^-I jjii (j Lfrw^l JLiiJ cjwJci jj^Uw jU s 

. n A*_iaJl jl j*n I jl_jP’l jy j_^p SjJLiil y/> y^\ 
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JjVt 


£3lgJI ^ cJj^Ii uiifi 



(Galileo Galilei) ,JJU- _jJJU- 
(Ottavio Leoni) J 


tVU-j iSy d\ 1-X?- (1)1 

^ o 

0 ^ 3 ^9-1 (_jlj *j Ou ol?-l^i«>>L> (j^#JL«j li^ljjdl 

jj ij, 1 L^~ ^ — 

('Galileo. Two New Sciences) 
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*" * f. 

^a>C^ A-il5 ijA) yuu j\ 5 ^5 ia5:l~ jl aj L.,-». ^yaij boJllP 

JUasi j tj*il y> I jil js> j>jJL 5JI O^i ib» a-JLp 

<_£jl_( a^iJl) *t—>^/l a 5^ib| (O^jbaJ (_£jjJP ^P i» tf . 15 b 

(J aJ jl—« jJjij ij ( Jji 4 J^Jj ;aL>*jJ! (j aJuSOI i —>jjs J—^l>- 
#■ 

Ulir olil! a-bj-ill «Ji a t(ebiMl (J aJ iL^x«j jlJiil 

*15JUI yC. a 4^»il wL^ail 4^L»jJ! JuJlh-l <_£jJbdl (j^ - 

jjp’ Al^J t^jkl AiLijj JjajjJl ^-la-.-i a^ 1U .olJJl 

. AUOUJJ ^sJI (j Jjli J^-Jc 

aJjI^- Jjb _yla—*jl ^li O^Lil jJ-d ^jl^ll 0^1 (J 

4aJjL» ya i. - .*il‘.Ti AP j—*-’ t+- bli ,a5 j^-\ J-plOb—i 

J*yi (Jl U_^A»J Ji ^J-551 a^pwaJl Cbl5 IjK AjI 

A^Ul t-jb5 ^l 3JlS”) a 5^bl ^ (_5j>-Sll £”l A—-jJb Ul 

a jjs Jjj iww»wJ jS* OjI jfi- ^£2 jl eJ, s «3-Ll y (_£ y>~')i\ 

tj»—bl jjAP j+» JJolij! t^Jlil e-Li CJilijI \jJ5j tjl j *' ■■■'b 

<0 * 

.^.jLl c-A3^oJJl 0^ OjiSto lilj 
.^jA£- 1 b-L £^jaJb j>j cUli LaJjj ^Sjc* IJLa jJi—i 
^AjOJ Axjaplj Juibl A>1.A—J^p («—C-.,»yi>J 
^LJI L«-iJp) Jijj J-*j ^bjji» ^■—.'bl laj.,.«i 

Ob 1 _^>b>4 ^iy _jb!l Ail J JOu 15 ^>*—0 j»-jj—«Jl ijA*i j ^ ■ “j ' 

(_^l jl 0^1 >—9(j^Oj .( r b«Vl (_^J Aj^iJb U jA (ji-tdl aI jil 
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I jj\ ^ j>*^ A *[£* 

l*c« ^P <jLla>w>j JU^jl 5 Oj ^-Sjj 4Ijj <1)1 J 

.tiJJi OJI fj* ^LIL>- <j\ . Jb»-I j C~3j <J UaJL^I U IS} 

^il*Jl UlA Ua>- <U3 0*Jj jU (1)1 L®L£ ^3^lil 0} 

x p e 

i**-•>-4^.>- j~~~ a 4jwl^-^ ^^^' Ua>- l T- - 1 1 ^JiJl ^■ law11 

4-^pI j ^(Philip Glass) ,j-<^>- 1 —.-LiJ t^jlj i(Bertolt Brecht) 
4jl jj^-jjil Jji ij i(lndigo Girls) _p^>- 43 yi) 

Nj tjjlil Ij-j JajL*l <jl .ASjll jr£- ^jA 

o! ja_j) oLJL j 4iLl^l (_^l jj 4 JI 

»> ■» f. 

ijjj (J b~*-a ^(jJU3 4jJUblJLa *UjI (<L>jL«l» eJ-o 


.4-1# oLa^j 4xJ ^>- c~i jjj 
(cosmologist) oLijS' ^11p «jU^L» 4j}Uj^ jl iiUS ^ 

^UiJl J I j+J aJlSLaJI jJj£S\ 4 ~*p ^i!l 

Dialogue ) «0^SUJ jwJjJl Jjl4 jIiS* Jl*jj 

^ ^JaP J^p Jjl (Concerning the two Chief World Systems 
(Kepler) jLS j (Ju! JJL ^1 4jl js- t4. r «.JLil 4^-UJi J^SlI 
t<us>J«JLA| oIjIju (J jjJj jL 4~^'i(l ^JU j./i.~\\ 

4" f- ^ 

(j ^(Sli ii«lJ oljloll (ji ®jj jlS" ct•!<•>• 
Sjj ^ \ 4jj(^Ji 45"tji ^Jtpl jja.ijl i}jjb iJlA 
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d\ i^jJAS ^J- U ^Ull J) ^j^l Jp ju M olS- olj 

. 4_il_(i j AjIJu Li j 

t JI (_5 *ijJls£ jlS' U Jjjlialjj (J jjjjl ^iDS (jjLvaj ^SLl 

(3 ^Jj (3 j\*~J 01 (jl jJl ^jA ^ 

Lj- Jli ^1 jjjjdI iitAil L^li j lJ»\ js J>-li j\j* 

OJiJ . j j£S\ jS” y> Jyi Jj^ ( _ y «-UaJ' ^UaJl 

* p •» 

[~jZ <1)1 Laj 44-lSwJkl dU-A LoLc ojisLt ^JlJI>- 

^JJI sjlJupl ^*xj |1 JJU- ijl oIjlp Lf JL»^LJ 
* * 

. a^jJLA (j — *j jpla.i’^i I (J jAi La jjj ^L."d~ll A«^^ <aJLp 

p * 

4Al«jj^ ,l]j.al LaJlPj l j £J jl 4jl .SjjJJ Lf ^i kiJUi £OJ# 

. A?-l J^~ JjJJ i AilaLo ^J^illll (JjXP-l 

Aj ^ ^ jJJ L>- 4«.l a * l slpJu Jr&\ 

¥ * 

LU*i .^Jj^A» U - *^ O^^jLaJl £a AjUbca 

^yA>jA jAj 44,1a....; Ajjlp aLJII AS’jJ*- jJj jl |»j>aJLi 

(_^l oLS* If S^r4>«JLl ojbl 

» p * 

\j^i £ji W ' L ~^ ^L*i OiJj Ji 4jj2*j lij La 1 ^ruS^ LlaLj- *^l 

(J j>- C->lJjLstX (_Jja'-Nl AI*Jlj (J aJjL£ Aj jf- Juii .N jl 

(Discourses Concerning Two New Sciences ) * 

AjUS" <JU*£— O^U-j 4#lilj> (J a_ <r v5^'yi aJ L^c! 

jLaJL-) ^j\JUaj| Aj^Lj jl—^J jLJI 
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jJJlsr 


.jiUJl jw |i (j* O ( Ji ■ *> -“J J-Xj 


{j* Jj'il ^jJI <jj t jJlJU- L^>iJ jLiiL- Ju«j£ 

2jj 4^tJCj i Jisj ijj ^»La a^S - cJaiLil ji 4jl ■A5’^J 
Jb«-I j C^ij (J i jJ>j')l\ (Jp olia>«i»~i Jl>-Ij C-Sj J -b>-lj 
I J~»* tt-ijbjslJl (_£-l^-l (_j iJjSjVI 1 JL JSjj 

cr^j^* £j~"l -T 0 ^ (J ^ (J 

ji tf-l jjLI <L»jliL>^ t(_£^>-1 J^aljp iiljjfc (jl iij,al 
jj^UajjNl jl (j 4^11 ^JaiJl C^jlfT JLai .^SlxJl C*-i> 

^i t^j^li j*jJlil 5C«ola~jl LaJUJ<3 tUj y>j Ul? 

Lii iit-ll ^ U-lj £tjj) ^ lSj- ^5 J* V-M >J 

N (j'yi* !L>oj^ Jli .n .1 .m'I (jla.'.ll Ij>i...« jl< 

Nj (jJ-i* f-ljj 4*—Jl jla..)jl £jil 

(_^Ua^ ^^P 4 —a! OJjJl (j I j\n^a,W ^\]as>- I j jSjj <jt 

f. * 

£3 L%*j -LbP aJlaJu lio ^ ■j&jJLuj 4P ® l«-l^ ^Jl 

.^Ij-Ij-Jl 

isli**ij C~9j iju kij_L>- liLa ieiLLa ( ».yj' ; Jlj—u iibjfc JlSj 

Jlji» ^jL.r>i Ijil Jj ? ( j^jSlL l^oliaJjl C-ijj ejdl 
iiU cJlS Jjtj ^ .diJi ^iyu atf J£)lj 4 jJJI 
oljjilail ( jA j\i£il iillA jlS 1 j! AjIJlJI j o_ju£ iS J>- a jk J» 
?,j^I (Ji Jijiail J 'jb 5L/»l jdll a j^uaJl 
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jl JljPjIjiJl jij-^lJl J-J <>-» Jt Jj 

Lo J5 (1)15 cia^LJl c*JS^i 3 o( j^t 

(, A£$L^4 Aj^A jJl. 1L>- A^-ll^ olS’ ^A 4jc»laX*<wj> 

j o jS (_£1 aJJaLL*j Uaj| jjLJl Aj j£- 

* * 

l ^P JL^Ll OlfT .^Lli ^JjL# ^aJL*) ^Imw4 

JLi^ll iiUjlSj 4*}Lw4 L? 1 1 ■/*,♦ <1)1 (jp*'^ 

* 

QjiaJ aJLjlSJ .^jj^ 

J|>JI 

j\ — ^JlJL>- <uu0j o jip Aj^j wL«jj . 1604 ^*Lp <ii)3 oir 

.Aj^>«jdl ^a j>- La>» ^^^L» 

li> jb AyJjj>- oJj j\ ^yL>- 4_J15 {jA AjJa3 UJl>-| 

* 

Aj^\j 4 IpIjS 12 ^>«j 

jjp ‘jUi <U<a jt> OjJj ^j£ Ifi j>- jjp L)jAa~J t£|U<?! 

0 . ^ * P - 

^JLalj ^.A ' ..~a (_£j^Jll IJlA Ll*>- <jl *Aj«JJ ■ 

jJi Ji. /a j j-JLj! (jjij oulajj tNji./a jj 


o J UJLJj j-1 ....1 .j 4_^<li <ijjjjj s^ 4-i L>-j^-J i^llat.-U 


. ejli .U .^j*^? I 


t4-^»jj 20 ^JjjlaJl ^IjJJl O^J u—.. *.iLl {y> <*hs oJLiil 

* ( 

<WajPj LoJlS 20 aJ jia ^jJ ^J^j jJJU- jIj^alj (jl Lj^aj IJL^Aj 

. JjL» ,>waj J a-U—j oLs*a jj 10 
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JtU^- 


A>-l ^0l3 ^iJlA l’• ».0>j 01 Jliu 

—S j£}\ tj>-^M <0 ^j 1 £j_p jIjlLoj a- 3jjs 

•* * 

j >*j (J^ — j l 5 — Jji' c.- fT ^ 

Ijj^ Jij . Lijjj 43jXL-o ^JJl C^djJl — 

1 • -^- * <3 w\j vi«3^ll ^5^ 6^ ^9 ^o^'! OkXA 

• I^XjI 4^aJ j-Lp -U^j ^iJLoP' (3jLi)1 'i/ 



^«-ll]l ojill jJjIjS/ ^jLLI ^il...ll 

. ^i-l £jJ {j <>■ J^>“ JJiil ojSvil i— .......Tj L.....> i^JL p 

(Alison Kent) c-^S" j j*_Jl 


iIajJHj iajji-sJl oJL* l^lajl 01 Jlkj jv-f*I (_jl_aJl_ » 

jLi>-N o<i^JUl o~J 


^®j'j 

\y\l JJ- 
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j ^ Ij. apLjI 4jtli jL*»11 

oJlA C^j^LS A^JLa-P' A^ia Jl^jj (. AJlil^- ol jIJu^Ij ^jAJI 

0jLp o j tiolll <LpI*J| ^y-o-wj la «,»«») jl^>o C-^L^LjjJI 

+ 

1 ^Jl Vju ^iiLi jlji]l ^X»j <pL-» 

£iijjlx^ (J Ip yj»jA I J^S e-la a-lpj lloJL>*i««l 

41* jj*~0 ojia3 t_J j-jI ajJii (J ^j>JLo 

^j-ajjl frbjl jji^P i—JjS (j 4 ju*J*«j ^jiLi ll£ Jj»3.i oL» 

aJLo^Li (_£^>*il tJjlaj J•*" ^tJjJ- 1 A3^,iC.—j (_$JiJl 

oll*^- (_5JlJl f-ll! Ojj t<_3_?_3^ jJS" A«j cllSj .«c* oJ>- jl 
<_...i l‘.*lapl i> 1.,.'>- c4iJl!l JuJui iflj JaJl o j-j- 

(_3jljjlllj C—»~J 1^1.) jjljjiJlj OljjSfl oJLft 

/♦-P4J| cP^" 4idJ! ^>o ^p cl ^ * .- 1 

iJllft ^ co j£S ol y>j ol jA <uL*j<Jl jl Jz ^y> 

C4pJ~w* 4jj£- . ^^Lfllll jjl oL*lf Ojj 015" 

(j^-j^il \ tf S' cjjjcvaj O' IplJbl jiSi IgJmJj 

4jjj^S" ^i^l >111 4 a*1^^j jl»*1 1 ^3 1^>A* ^ J . j cjJ b-sll 

^ ^15 cjjy 2 j!Aj jl*j jJLJU»- (Alexandre Koyre) 

lOj^wi a-1ji>-l ^.Ur...^ 

( j«Jl*l® ^ JL>- ij-ls-l (j AjJjjjj a jS 
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f-lll * cj > jj f-U frlpj !«Jj2.,i-a jj 

Ijlf-J -Lhj AjJj _/■»■ yg k— 1 <J Ajll 4 juxJ 

-.'>- I j.✓>! {J* ^J ^ . ..Ja^i**Jl Aj^oji 

jJLJUf- < _jl kiUS ^y» ^Tjjs'u !aSjJI ^JLPj 

* 

.LoLc <w^jtll Jlp 

jl j j 'jit- ji <-)l ci ^J iSjiJ^ k£“kl 

* * * 

aJLmm>>^ 4jLil^j <l>- j>"J£j» JL LLo^^ ULa^j ois' 

A" 

ll^bj aJJ (J-s^jj Ji jlS - ^yLj-i 1)jjli kUJSj t a-aJl*J 

<_4jj (jl IJjj .j»jji!l (_jjJL«SILj l jii>A.\ J?Ln»«'yi ^jA 

.(_$ j>-\ s^.^3«»l jJLJU- 

Ai-.i ^(dUi Jmjj . 1953 (j kills (w-)^> jlS" 
jjlp j *1j^Ll jLS" Jl»-I t(Stillman Drake) <iLji d)\ c JL=--- jlS 

(J 4jjS jLl i~Js >_^Jl i-X^(l (J oil?jJaa^ll !ju 4^JJUy 

oJ^ toj^jJLj.1 jvP 1 ~-‘l - >- 9. r> ll { jA»J A3.?l*,<3-o jZaJ L«j_j 

.j~LH>- CjU 9j>Jla Ji32 {jA 2 jJ 

L«XPj iaLJ^Ij lslii>-'i[l jjp ij jv? ^j£ jJulbj- (jlS - 

Lftj , 1a , 2 ,., » I yijkll (j jill Ajlfi (—< j£ Ajliij>llA ^jl>i O yiiJ 

JCJ jl ^1 oUxA^aJI jdAj (Antonio Favaro) jjlili 
Ajjl—ji-l cjUI^jJI ^y> ji jl 4 oL1j^>- 2 j£- ^ja jS I aJ 
Vj <,jAliill fj <Jy> oUt fl.^all i ,<a ^fill _^P ^ j— ujilj 
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jJjc*ij olS^ Jl 31 L» jl L^iiLS" c-jjj aLI* 0 L 0 jJuc« 'i/J Jl>- jJ 

. L^jliS c-3 j L$Jl5 (JL 

oJuJ l>- AjjJb»u| ji Aj(_£^^ 7 *—JLj^ 

4j^>» ,'....'...-j j^ ■ - 1 ' 4 j^L L^jj^Ld ^ L‘^4j c^(jfjb«x>- 

(Jljjl L/ 4 (juu^Jlj jlL>*1I 160 1972 

t5j_jju]l >_,JL^<1 j Ajjlil oL«^L«Jl (ju OjLLj t jJl)L»- 

* * 

(ju olSj ■ Ilia la La Lu j a! |jb U ,jsj oUra./all > .j J JLjuj 

jlS’ LaJUp 1604 j»U aj j£- ^y> i,U:..« oLLj All jJLj L> La^/jI 

.IjiL (J jJlJL>- 





jJJL>r 

+ (r 

4j«Jl j£j to11 ol_^iil aJ-(- l o C — a t jJbj.S ilpl 

<1)1 tiiJIJtl ^j-a J J -4 ; tllfc lii^ajj 4 jj_^ Lfelp O.(in 
j-l»*J«Ll 4«J JLp 0^SU! Jj£ .jJ.JL>- (j jl? La 

43L-*a ^jaai (3 jS/I aJlLiJI oUa>«JL!l <_$ LjAI (3J L&jla 

SJL>- j (jO* (3| 4a*JLa ojja—a jJLJl>- oLS") 4,1a4> 33 

Jbuj .(jJjLtJ _^4.«l.Ul Jil -UaiJl jl jJbji lijjL-O 

L$P^aj£> 43 L—a 4^^}l ■ -"l I o^^Jl ^tla4j 14j ^L*^a 4 •**&_) 0^\3 

0 4 la 5 i 298 I*.«la« jj (1) SijliJl a jUJl 4jLgl»J t a la o. 130 
oJU* oil? .tjJj £jJ\ U?Uj ... 1620 ^ 1192 ^ 824 ^ 526 

^*0 jl? ^Jl_j to I 431. .. a 11 4., 0 ,1b Lai .4^4^47- oLil—Jl 
J-^Nl (j O^? Jt3 jJUL>* jl? t4P j~> ^asL a^£Jl Ifr wlaa* jl 

4a*)Lf- £*3J J3j .2104 4jjt>-j 4-la.t.j ^*3jJl b- -l3_j 4 la4i 2123 

t^jjaj \ cS i tlO^ t4-al3jl jljP*J ®»wJL*>® jl #t_X>-j^a* 

a-aia-’j jl 4*jJj ^a jJLJ 4 jLoLJ OjIS" 
Lvijl LUXaJj) L^aJl>0«j jl? ^^Jl 40jJl oljb-jJl jjif *5l 

I g 1? OlJLiJl jjl |» ^l>' l^ljj t(olSv 4.a,...* l^.lp J j JJaj jl 

.4j_jLo 

Q^^OiSj 8 7 6 5 4 3 2 1 

(*OV ! iiLJtl) 2104 1620 1192 824 526 298 130 33 
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^js- jZ*£- 

(4 

AsLw» 0 j £.Jl ^ajjj (A^J JiT ia ^-1 jjo N AjIjJI j 

.^li^'ilb l«P^j jJJ U- IJb ?aJLplS AjI ((Jji^l 

^lijS/l AbLa^b^ .L»ijL«»-5J!Jij ibjj AP^^pJl c-JlS' 
5 iJ3 14 Ijp*s* 4 iJli]l a£JI jlp ? ...211 17 c 13 49 45*1 :*ii>j&\ 

33 x 5 ^^kaii S&JI -Up L$ip^ i_il*-p>l a _i~ ^lJ ap^—j 

(_} 0j£*> t^.icbj bf ^JpI iplj-1 . aIiai 165 j\ 

jS 1 j jisitJ aJWI JUp APjJaiil auil L»l UaiL| 

axjI^11 aSoJI JuPj 1 U..,aH, . 4 la.i 1 297 = 9 x 33 lobw^l a.«—Ij 
JpI (561 = 33 x 17 £ br J s\^»j .429 = 33 x 13 
bij ....j^j br Jil (693 = 33 x 21 ^ 1^ 

jJ Jb>- >. la.a ^xll ^x>\ 'jil aJp jb->.ll aJ jLj.> (jjlj 

. Juwb>- 

jJ bjj .130 ^ t- 4 la a ~. 33 ej^Jl C»«la* JjSlI a5cJ1 JUp 
y*u cobjl iiLJ.1 jl ^1 (3,9 = 33 4- 130 ?ji*i^1 C 
jSl ^l (33 -j- 298 S^LjJl cJb (iJliJl a£JI JUp j .aJU-^I 4 
(.36,1 a25,0 (15,9 . JJLa> aJjSM iiLJLt a«.»-~ ( y» 

i^p J Vj^j f lijNl jJU U- j> .63,8 (49 ,1 
.64 (49 (36 (25 (16 (9 (4 ;a>«-£J! cJl^i (jjij 

j b bi»j jbjj AP jlaaU Ailwil jl (qIiaII -b»-j -UsJ 

^|JL>C-ubj . jbxp'yi J liai-l ^jA J J lajl Jb-l ^ ((j j».~-.ll 
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j-LSbr 

aSLI JUp 0 L> UjIj Luj 01 * jlS - t(JjJ®l '--- jJ 

ass ^Op ....169*144 4121 4 IOO ^ (*9) 81 0 aJUI 
^|p ASaXli ^ L | • ■ - 1 ^* L i L- ^is^l 

• <—> y > i.oii' Ajjl^a C—j! JldS _pxJl Oils 

a*j!,^ l aScJI (JtA-*51 jj olLJ-l aJla t j oliLII 
AjL^ J LfrlwJaS AiLlI c-Aa-L 16 APlo 0 j$ii\ C.«wlat 

toJb- ^^P e <JOb>- lfr«,laii~ AS LI I L» .(_JjS[l A^Jl 

^AlJliJlj Aolill AjjLa« A*jI jJl_y All 111 1 ij\J 

.oLpLjJL 5jl>-^fl jljIj 

llfri...j AjS jjill ^ISjSlI obtjjil AjiLs 0} 

.7+ 5 + 3 + 1 = 16jt5+ 3+1=9, t3+1 = 4 lO^i UlSCa j 
v-sfiotfcJI Ol? olsLi) jl 0_^ls (j L- a 

iwLS" jJLJL- ollL ^Jajj .ajj yill sIjlpVi aJIjJl Uij sby 01 

.11* 



...5 

4 

3 

2 

1 

(JUtfjdl liL-II) iLii 

...824 

526 

298 

130 

33 


526-824 

298-526 

130-298 

33- 

130 

Ap jU alt 2jL_ll) 3 U j : 
(•**»-' J 0 /*^ 

298 

228 

168 


97 
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oUL-lia_-J 33-5-298 33-5-228 33^168 33^79 


9,0 6,9 5,1 2,9 


j*j c^iLxJk! > 1 1 »..y5>I Aj^Aj o j£}\ ^>-1 jij a$oj 

J tisUJ c-iUcstf 1 j«j t4iL«Al i—o?~ 

iJl aJlJI ^JUl>- j J ul^ 4 JI .SiL^uil i_jl»,./?! 

cJ^ igio .^_pi qj* i j y*ji iiJipSn 

* 0* * * 

JbJL>i jJoi_Jj o\S Jio UJjli Or.T. 11 

< , 

L^li oJLPUJL ^0 t^y—I 0y^3l C->" J>-JH 

90 ijjl^j jJ>«lll <jl£ SiJ j?wiJ jl ^^JLoj ^i\ o-XplaJl 

k*y* 

<.4s>-j}yu0 AjjI^j jJL>«^o JLp (_$lty>-^M >—*ylaJl t3j 


jj^xd.1 Jp aJajlAI Sy^Jl J^aJ 0} L»j iaJL»*p JLa j_j^J 

C 4 4, Ij » ■ A 4P y*J «jy j^ fc4. l l J ^^^*4*1) <!jl lj 1 1 ^ i lfl < *4 ^|! 

(ij Lsl^N ti y~±\ ^kJI jtf lil JbVl Jl liSU JJ*j 


?dJaiu4«j iJjUaJ! Oy>- IS y>^dl e j£S I oJcL l» ISJ .iil£i>-*yi 

t® j|jjJL>- oljp® J yiiall ^1 jJl ^yJl J i»b»-^n jJJb*- ^JliL 
4PjL-dl 4jiy«-xJl aJL!jjl AjoS/l 4^ yi-l jl 

.olij^l jLA ojJUl Jil^il J^jJl J* I- jU*ia£ 


N 55jJI sJLa J!Uj jJJI^ <y*Li Jlj-Jl jlS" 
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jAJL*- 

* f. f, * * 

.4-Jliil ^jp Jjjj bU jl ^JLsxI—j Ajj Lstf j -1-’’ - *- cjpU <Jlja 

Thomas B.) Jo** ^aLa^J t<L5La apL*» 5jlb*j jAj ^j/a..^1 
jjjLJL o>ljS^ <uc«1>ij LbJl oLIjjdl twJUs i(Settle 

3jAmjJ t4L/?^> 1)5 d l .tt.xij 5,5 j*J ^Jp 

• ^{j**j{ ^Ajiljj^Jl AJbl>dx/| \a../> jf 

jttlp jj3 4 j^> oJl I JO djJj ^ l^Sww dhJ j_£ 

^1 dJL_p jLil Jij .ljb>- ^ylJb i_ildlSl ^Jp (j .'..«>» 

.LiUiij £IS^ ^isl odlS^ jJlJb*-jl 
^a^JI ^^aLJiJ jn*&» U^i ^ j-^Jb»- jl aJ jd> 

c^>-1 ^wdLdj ^aiLj (^1 jl (jljlil i_ i L.a«1 jl ^ljiJlj ^1 

» * . . . 
(AjjL-la (J} CJ_^Jl ^.x-.d] 4 j0j^Js> jA Ljllaa jlS^ U 

« * > f 
• t-L^- jIjL-^^£1 L, * .»»ig l^ c—o*AJfc^ 

|V****^^ toL|AP (!Vi *AjL§ oj^ Si^ 1* b—* 

j j>SjG Oji aJj ji> oljli (_£Jla ^Jp ifljlj iijj ^jLoJb 0*3jJl 

jw j»l a . d o jj (Jp Jaild j$3 .<£J>-1 AjjL*a o Jj>-j <_$! j\ jljJ 

A3Jj a j» Jju a jA ijJL^aj jdJl <*>,.«♦ AJINaj j ^-LajJ ij*J 

jdLxi^ll < Jp ^Jali A..—a.i a^lJlj . Ko5xjlSw> aJT j_^I 1^3 (JJjLj 
a-^sf- aJ j^o p'../a\\ v—s jIp O'jj g»*b I (_li 

t a ^ 

C^AvJlli Aj^jJi _ j 1 ■ 1 .fl.o. ' Lol^ COjllil ^a 1-X^- j\n ^ 

^ 64 • ^ - 

. ®oJL >-j JjLSJI V tdlli ^*4^-1 
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^ * • 

!jy iJL>- C—■*>- tjJUL>- aJL* 3 La liiA (jl liJLiji (2^* l“^Aj 

p * 

. la. — i ( jj»*ij Ou tj»l>oil ^Jp oA>-^>0 ^J-S cb~*jo 

•i yJ ?I If-1 ^LaSlI -l-.tj £4 ii^>*i]l a JlA iiJL_p ujJljj 

j jA*j (Onward Christian Soldiers) «o 

«* p 

p. i W i lj ^ » W|| 1^ I* «X> T ,*« 4 I ! i-p 1 J S 6^^J| J* AaJJ »A-jLil 

. Aj^S a^pj JLP Lgjw> 

...ONward CHRIStian SO-ol-DIER-rs MARCHing AS to 

(Jjl ^y> L^JLS^ ola^L*Jl atlLji ^Jia Alia c^JlJL>- ^J>*—j ^1 

J>1 -JLo ^lJ.1 pip 0£ eJp l— i-txj A-^J ta jA 

* 

Ui 1 ^a a^^io Ua^-^La tiJlj «•. ft..ai aJb>-l j}\ t Jol ji 

» •* 

aJbljia APj C--»-j a01 oUL-ll JL>l^jJ 


• £A (JsIjAj Iff 1 ( Jp 

ia^Lp JCP AaJai Jajj iJUl ajJai-l Cil£ 

^ i ii^~ iy£* t * 1 ^n • - * 31 S' O^^^s jj^^iaJL 

jLSj lA-ijUaa Jaj!^iljj,i . aJ^M eJL& ^Jp c_9Jj«Jl JU£ 

UajLs^ u_.-.a,! I i >jjaj ^^Aj C—aaia ce^a Oaj a ja aJ>| 

J jXj flits' l0 >-yi jiJl ^LiL^ jLp iJlA £s 0J 

*■ * * 

OLaXpj .<_£*Jl £4 Laljlaj 

. ijjL—la AJUj Oljii alii iiL^a < j^o a^SJl C.ula^ pis iijb 

^ * 

.ajla.».ai aL^UJI oUlwi! ^ysLS jA (^1 iiliil (.2.»>4 ol^ L« Ji'j 
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C4j J (1)1 L* C jJUU- d)l dJbj^ . \ tf.T.P I 

cl ld-.-w4 jLA\ ^Ji jCj cii^ c ijL-L 

Jl5liS <-jLo 4PLo (64 c49 c25 d6 c9 c4 

.<j j£ N UUjj <1)15 dJJS 
JlS'Jl ?U^I Ali> ^ Li ^ till 

* f, * t * 

,\jL*>u+*t ^J-u <-)' {j* (1)15 jJlJI^ (1)1 jJ* ciLj^ 4j| Jp 

(JlA O jC^-\ •*^ll (1)1 ^jA (1)15 cOoj (J 

C^JLj ^3^ c jfrX.«4 ^ia^> 0j5 *LJI JLJLj ^LJLj^j (1)^jLiiJl 

4j j^Jj taS«ij <1)1 J~-9 Jj 0*3 j ^j/*^ ^1 j .tt LoLf <Jj^UJl iSj 

•ti^' lii J 5 ^ 

^la....i tjJJU- alj_j ^Ip ^1S1 ^»^Jl 



^JJU- £^J>\ 


33 



iLlJLSl 4 jJj (_j ^jJl<t)l ^^jlj jljj 

tj.i.*«.’..ll JjL-I oJUg j \ C JLS^ <LjJL*il o j £.Jl LjatIt cJl5 

AP^y ^.XJl ^' AjI ^>"1 A_l^"j e^ApI LaU^a i J 

A^~«UL.| A-Jai!! ojiiJ!j aJL-*I ^JL>-| i_JU>- (_|l JL>-I 

> 

Jju La ji r^A <^tsy C-wJ-jS»-l LaJllP t j\A«sP , l (_JI AiLs^NL) 

iJlA >w—^ai JL3 j ../biI ^ji-La 1 frlfcl jUjJl ( j^> 0^ii Ajj^» 

o 

0.,...■>■ jt-laji? ^>-Jlo jj ii^A>*i! iJjjiaJl 

<1)1^ jJ IfS" (Jp-'il A^sIj 
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i i In II jljml 



(Willem van Bernmel) jli pJL» 

©jJLsA-®_j I-I^a yw ^JJl f jJl -L*_» 4 J 3 I ^1 L« 

I J*0 ^£-*flJ ^ L5*^ C L^J...> M .< j^Pj 

Aj jJL Jl (1)1 A. JL>- ^Aljlj£ -l*J jJ C^.^»>..>«i 

(1)1 L*J .6jUfl.ll AjIIaj Jfji ^ p-^T a^L*J| d)^ frlj^-1 ^1 f-U^* 
j»l(J J>- 1£ ' , « .« (_gl jjj j j£j 

<_5~^ l^b *• j* ^ viJUj j . l*~^- J! a_/jb j^jJljJI 

. 0 JZsJ 1 (J jk *.Jl 8—*l>w^' 4t.S->Jti (J 
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iWUOfi yip■ 

Ji\i ajjL>- 3 Ail jJl o tjy>- IAj 

jJu^j t_li iiliA jlS" J^IjJI Jj iajIao <j <ap c~pjj Aii 

3jUjj ^ J^r 

4_xxJg l_istf J 4 1628 41xf J (pljlxl ciliS AjoJ . 4jLL>- J5 ^0 

:JUs iayfcUkJl «JLa (William Harvey) 3 jLa 3 AJ 

4^ujcJI jL>- lil 4.S jsy jJl ^Apj Jj^»- jJl <ju 4 ( ^i5L.|J ^ftllaJl (jy® 

. KoU-l 4jl JU /yP La oj j-^3 4jl .,<a.. i UJaAJ (1)15" 

# » “' 

c<— j o.j’uS'^ A.flJLz.^ ^jA Jai .iiljjfc 

^oIasaII ^^ji&j <«_>jJLiS' 

iiliA jlS Aii .^>*JI olillflolSIj-Jlj lil^SlIj OuUillj 

<jj J ^~~>- ji Lr® ui*^ f\y 

jj (^S jjAj 0^-iljJ ejliJUtfIj (_JjLa oISj 4J-*jLJI 

v_Jli jl5 <1)L>-S/I jtfai . ®eAiU (J^L>- Ajj^j Ij->LS^ 

(j 4jbtfl>- ^>-T (3^^ JyisLjdl Apli^ jmJLjj oliA>-l 


.oAj 

* 

IaIj-xi (1)jJ 4x 31 ^JL 3j^* 4<di>-^La JL*J Ali>-*}L» 

jlS 4<jUjjJl e^IsLIj JjAJUJJ v_xxJg 4|»xlauaJl ^jjJL>- jb 

01 JL>w 3 ^^ 03^1 3 a 5 01^ .l.la'tf- 

lx^Jtf«-l 4jUhst OlOlpJ OLqUL (_ g I ^AJl iJllA 

j±JJ Ax^Jl j 4-x3JJ 4 J^aJIj 4jAJcJ| l C5^W <J^^* - ’ 
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Oi^Jl <j iillAj _JL-L, 43J_)jl Jl iijU.1 SijjS/l i£-J> jS- 

^a) ^ 4^—Ja _^P (3^^* ^>-1 (_£^ " **** A J 

ijliAj) .25^jji-! JjM-j la.V.^ ((j^t^JLlIj eJjJl 

(JsU^ 4 jj<uI <W*^L>- (J| £xll (J>-b lS j—^ - ) JjLJI )Oa ^ 

j^P ^\3 ji i -*-‘~- a JSl j—Jl eJLfe cJlS .(uU^I cbU 
> - < U) l y*j jl J-J (j-dJ £« J*^>- y» J^-Oj V, J* 

v_i)l JJ j* *t 5 jfi jJ) OjjjJ) |« w JaJlP i_j jjl ^ 

.(wJaJ) oLK (j t_»t)UaJJ (Jljj N dlli jib tAOx ib*_*jjij 
^^>•1)1 *0,...?- t^-Jbjyal^ ^3^ AaJL*J <3jLa Id-* 

J jAj (Gonville and Caius) yS Jji j>- iJKa 1593 io- 


yS Oj>- jjr ^dJl *j&\ j«.‘» <1)LS3 . 0 j±e- y* 2^JLp ^"“■^L-Jl 
<Jp Jj^^JL) (wJj 03 t^jiLa _^L>- jAj t(John Caius) 

V* 0 

Al»« ( JS^ ^IJlP^/l lf4c* Cfc* <4^^ ^-C »jUj-| 
ye- i*j j*> ol>d ^e- (JjLa ■ <**)jjJlj ^j-ilJl jP’V 

cjL5w-*^J)j i»UaiLl ^ ^iJl jJlp 

Ja-j ‘■—‘'C'* - H-'lf-Al jUl ^yiill (1)1 La Jb .A AwJL fl J lj 
.IjjjjI (J (_.)al) 5—ajJla jjpl tljib 4 jc«L>*j ( J^xOLJ ^-Oj^valS^ 
4jL^- ya 4j IfJ lAjtaUb) C-jL> 

oJLip 4»»Ip JlAbc-a ^a Ia)^-^ La 4-**Jlp J^a 4 j^>- 1^-1 

clg-3 ji .JL>- 0LS* t4_*_al^-l ^J^)a La, ).’.p .(Ol^uLill 
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^(Hieronymus Fabricius) cLUJlS'j 

J-P fj ^»lp JS' ^ <Jj <j 1%-la^l 

j-iN! ^«AJaJl (_j Jjisl d.JL - ^-1 curls' ^....>-) Ujj jJLaJI 

^ -..«ilji! ^A«J 4..]aSl ol jJ>\>A I C-jI^ t(e.5j 

^a.n.i Jji L^sAxj 4*^1 _^il k^jli^Jijl (_5 a»Xj«J k_J^Uaj| 

jj ^tfLilj 44 jJpL«^j j—j jj[j <Liljl (j 

. jL^Ni jJ^-b i£j^ |«-*j 

4^»*> jj i^JaJl SjL^JIi ^P 4j^4i>- Jdu 0-L-! (_^J jjlA ilp 
Lancelot) jjl^j o jL~j')l < _ 5 SCLLl i_~JaJl ol ^jjj <L~>- 1602 
iOoL-“ >_. ./s './»j au~ju i_»ipj . (Browne 

ijJ-iJJlU <j\J ^ ols" ojLp tOJliL ^yflJL l w^a j»JLsl jJfcj 

<ilLLlj (Francis Bacon) j^Sw ji jwJl L^Jp 

. JjVi Jjlij ^JUULI 4 ^Uj JjVl 
j& !<—*>- aS’Mz*! ^»Jpj Jjl* ^ dr 4 

0 j*-**J 4...1..P tl)^ 4U^>l>*P^/l 

c£o^>- twol^Jl 4 jL^j Jij . JjIa _/uIj LA Ob' 

<Jp <wjb») iwwiiJl ^ j*» <cbJ J*»bJL ^J_^a 4jL (John Aubrey) 

J-LaJ 4Jilp ^y>j (® OjjLi *^i j-® L« d)b~jNl j| J ji] I 

.iMJuT OjLJI (jjJl ya IIa jL ^il (_5^jl jl5 jjj ij^>- 

* 

. n^... — O jjij I--.—; o j>^>- (Jl NL« OlS^ jj^jJI IJL* 
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Aj'y J>TJ (jls' e-l J~*s 0^" 

f. m <* 

( j& j«-Ls 4«-Lis'yt <uLS^ (j 4i>*j IUjCL. 




s-Ll 


Jta£ LaJLlC-j .(_£ yUt ^JLJl ^J.j/gLL ^y> Ojlj ^ j aijUi 



1 &J- 1 Cs~" 


(Tomasini) 


*J ^la . La^ . < 1..* ^la*. a 
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* 

4^*>La^-L-b ^ J*jij 615 C^,*^-Jl>“ 4ZJL>&j |^P UIk 1 j^aP 

^1 jX)l Jp 4i^J c^>*^*Jl>- *x$p 5l* cj_/Jo jl5 61 

** 

. Uli 4jllx^ 4-4/23 ^P 

4P 61 4p|^3 l 4ia.„j oli jJ^j ^ j La I Jl> 

f. * 

61 615 j .o!5 jiA ^3 JL^j ^i ^i^>o lwL>* 0 _>5 

C<—JblJl ^j/3 1 jCJ U-UP ! kT-* LdJi^-1 Cj^ j* 

4Ju*Jl 0 J 3 jlaL* 1-4-Jl«p ^51.^«Wj Ldjup 

6^ ^J^-J j-^x Ji>^l ^6^ ^ ^ 1^ t^y>- 

AjLUI (j Jj>w5 ^J^JLi d>1 ^laZ>«)l jl 

*Vj Nj t Jal—J'V I lLjJj£ (^“J jj^l^*j*Vl 

Ap j~» <iAJ3^ iJUlII iJl>>Jk/ ^jl 

<i_^p ti oUl^-i-l <_j j*-^ 

0*^1 (_^ J-Uj J)U t(3_/i A -S1A < ;Ju,l.~J 


A__aj A^iJlj tAlaiJl diL* jvJ A la a‘.11 eJLa> ^jA 
Ot?<1)1 (_i IJLi ^ pj . JaL-yuVl 

«_J^la.,ffl IjL^Aj .^llaXjl ^Ljj a^a>-j <Jp 

lil aJ} ( j,^al>-l d)l La <_Sjpl jij taJL—i ^^^9 
U , l jjj>-')i\ ^yi asJL/>I U Vj 

^ (Andreas Laurentius) ^UjJui <cS 

j..,aa ^P eLll JjiJU IJj a<_JLa.ll aS^^>- jl 
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(J^ Slr^ lj t4 *' ^ $• " J~ aS ' *4^1 o* 

+ * 

J^~3 ^3^“^ Jill *.»««> ^U^-Jl 4^£l 

p. p, + 

3 J <L1aJ ^^IpI jja-^ji <j| ojjjla***^I J0>l ^■**»*< 

.aJ a*^aJ j cjIpULNI oJLa 

» > fr 

£-U>i imJ OiII (_j j^^-lj Jill jt-jJ {j~^z t)' jjl^ jl5 lil 

> * * , 

AjIjJUU- ( _jj^S La <_^P Lilil S^JojAliaJl A-ll y> (_^l 

®^jLJl ^jJl is*>\ji o>UI(_j ^^! jjjj^ i_JLaJIs .apjL»i1I 

t(oljj^-jJlj oL oLjIojJI) 

IfSb tg^LJJ Ll3^ ^ 1 ^ ^«.m.« J I ^^^JusJl o^L& 0^ & ^f^t3 

^JjLa ci <wJ^-LaS* 

La l)Lp il C J-*j oIj jI ^iJl Xsi*S/1 O^UJJ bl J bCLwl 

p p ^ p. *** 

oUlj-J-l { jja. jI Lg-3 UsLi A)_*a lij^ii iiU* <1)1 

pLjI i^JUjj e-bJLi a juj ^Lj <_5* > ’ jl^l ^-iJl oli 

<jlj-J-l <wJl 4 Cjlii»- Jf-Uio L»Ji)P SLi-l ^ »_^v>-'ill C->Ua>JLil 

^J^.e't ^Jf>- ^S\ —^y>- jAj AjiyJLj AAjw?I (_$JLH — <j\^_~il 

' _ ► 

. aJLj la jl A>-JJ 

^a j*-pjJl <_^jJ <jljj»Ul Ijl$p- <1)L> 

,jP (J-AAj <_-l i . i l <J jlJLi^jj tAxJajJlj { ji >jjJl <j 

J _5U1^ta\Jl AjjjJl ^1 ^Jjlll ^-jl 5Ld .<^j lj< ^JL o ^'VI 
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(j^U^fl ^jL4 

j (_£ji»*il <1) 1*$ j>-V1 d)iJb^)jJl 4-1 jLL> 9 jl 

tj~«j'il iwJli-l (J^j -W^lJ ^biil (J <j\jy>b-l jj-o 

.(jL^OJl ^aJI ,_jiJC j t^>-li-| llL. ■»■■>*» jljl>U 

■Aj^j o^L^_*u (jcUt jcjJ\ (\,\ l,./>jl lS^3^ -3 ^1 O—jLS'j 


oLi-l l!...j ^JUI p|jAl IJl ftj .^...Lgl' ^1 jAl <Jl*ajlj ^*i!l 

#* 

_^P AJx IAj^- aJLJA<s 4.-&S <_ 1 j^JZj iA-jI^ (_£AJl fdJl t3 

. iJbyiJl A-Pj^l (Jl AJA j*j <LAa^ iAjL»L-~« <JtA>- {j* J>-li-l 
tdJLSOidlS JjuiJL J>u At QJ J -,/ail sJlA (_b JO OLS^ 

4jI^ (J (Vesalius) ^jJljJ ^ySAoJiJl i_...LSl i£«>. 
Conceming the Fabric of the) «<_£^JLJl J 

l$.~-aj i-Jl ^ysj) 1543 <wi j 5y JjS/ c(Human Body 

A^jl^Cx| ««> 1 1 Aj^S^ jA 4Zjj]i2j ji 1 ^ « t ^l«pl { ^«J| 

jAi jiixJl 01 A*j k_JLtH jlA>- jS- ^aJI t_»*^*0 

J ^jx ^Jlyj jj j .oUL-ll (_jil A*£- ^lj ^ 1 U;..-U 

Ajj^sf oU*^t i3bjfc jl 0^/1 O j *j iv_.,-..Jl (J liasM 0[_j viJJj 


t_y'S/l jV-~^ (j- 4 J-fi (Jj^A ^ ■ ^ . « ». ‘^ l 


|»AP Jas*-*^ j i^jUL| J t\j9 0J J JJ V—J U Jj J-Jo j>tJ 


I 4*jl>- (J! *lil l*i* Jj-sP?J 

* * * f. 

A^Pj^j ^jJl (1)1 Ls^IjI d)j*>« jJb ^jjj jJl>- ^IJI (1)IS^ 

^ * 

(J>b- LL*ij ^C 5 ?" J dilS —U^i 
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c-3j (_j jJl; <stfL;bJ! 4^-pj'yi ol,. > - t(j^UkJl 

olsi'^l <3 ^JLSl L»Ji1pj t^jJl ^<al»ls Jo>-l j 

1 .it.y .aj iU ......» jjU jjJu aJlw«JI oJla J iijlJLi iwJLdl <jlSj 

i_JLa!I olS^ L»JLj»i . <^JL)JlS^ |I J> <isL>-'y U [j£i 

I 4 JIPj .414 j..^a*«^ ^jJl jl jJ ^ L>-Li jJuj jU c4^<a^Ji4 JlS^ 
. 4 JI ^jJl < 0 j£- ( ya Ajjjf* JLjCUw jlf 1 la...jlS” 

4j jA-i tjlj j-i (3^ 4.». ,/>\ £-J>J L»-UP 4jI il'Vi J-i'bllj 

li ^jjl jA o_«ldll j 1 4 J I Jo .( M . 1 Aill 4. w aj < 1 ^S ^Jl ^3 

( Jjuij ^ijJl j| ij, iilLJ.! jlJb>- 01 j ^Ualil 

UL^.kal .^jJl il^jl)! J 1 * JjciIj l '-' :> *~>*ll N 

jlS jJ 1^5" 4P j~»J 0 ® 414 ^jiJCJ ^Jljl Jt>«l*4J Jj (3 


. ®4li>wJ Lp^9 J 4 

fr # * 

ooLS^ oj^j ol Oj tjjl-* 3^ lf^ t* 0 ** <i<g 4 (_ JlaJ I jL£ 

(3J j*—ot4 UUi l jl 3^b ^ j-liJl f-ljJL p 015 . 

^joij ^1 jllSVl (3 P *^^ (J •'“jl£|jl 

(•111! (3 ^L^ll Jb»-I 3 j ^..oSH jlliaJl 

la....il .^~ol jUaj L»..^?| jjla 4 JL 4 -P 

^ . t *" * 

•ojJoo jjjjNl £4 UUf ^wUb lilir ^jJaJl 

t(jo!yJlJI (3J 4j»-jUl L*ilj iiiai' Jo»j 4jli (jUaJl q2l~Aj\ j*o 
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jlS" JbJb>- jj-^j .^j-ajS/l i^jJl^- Lj^li ISji -1 oJlSj 

m * 

dr^ (^ij. ^ •/ 3 > O^i ^ 

iS^ <»o\ssj^-\ ol»Ia^ *cjj^ ^—■ ~s iJLfc (3^ ^3 j L.*' ^31 <3^ 
4-i j>xj ^^SL! tc-jbcJl jljJ^- tj^lJaJl IS (jyj^Nl 
iijiaj (1 )Ij- 1^ <jL^ 4 W~* ^LL^l/l jl p-^LjJl {j* f\y 

.(•5^AUaJi SJb»-lj iSj>- Oj£j i»L....>- La 

JjT 4»L>tp)) ij j£j lj_A cill a5j>%j *£^sM 0JjU 4l*i 

(J i5 j>Cj 0*}L*cjJl <1)1 jJLj kilii £-*J yi~\j j_gj>-\ a !>*£■ 

< - jJl 1.1 a ^a a-ll..,) 4j \^3 <1)1 j*JLo (1)^ • ®J>*I J C-iJ 
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.aJu<aJL U jl tiili {j£i 4 ( _ s ^jjl^ ; ll 
*£jj£j »wJb^ (ji t^jJl ^1 j>-\ lijJi i. a..^?j (wJLaJl jlS^ ISJ 

P P P ^ 

jl ^jj jl 5jl<J p 

p f ^ 

»_J l ! ID iillLoj iwJ L aJ l jlj ci-jjJl o L J U-J l ij£- ^y> j^S\ Ijji 
. ol jil {ja alii *> j\ jj>-jj jAj^r ^-Jl (jl j * j*- /la j jS (J 

«X 

AjIS" j>- <L*jji <Lll^a| ^JLp ^Iju ji viDi 

(Jj>-D Ajolj A^JoLa Ljfc LAliijjl i^i|Jl^Jl 

On the Motion of the Heart) **oUI yA-\ jJ ^»jJl j i^JUl l£ j>~ 
<J <j;ijl jwrill e-il^Jl dJi i(and Blood in Animals 

<_jl <d~a ^ ^s -jJl ^Jp— Jlj Uj d»j>«Jl ^ jjj-Xip *A*j 1628 

* f, 4 " 

<cJil (Jjl-* >_ ■j j_ d~ > - it-\jii Lvm» 1)-« —a-^glJl ^jAa i jl^^Jl 

ojj*a £-i (jl .La A../3.9 ^Ip ^'J- 4 aejJsu*- ajJst>- 

* * * 

,[jrj3k£~ LaJ^U^-^ U~ jJLo <LpL& ^ 

jlSj .(jUyJl |»UaJl jj^alj ^jA (—.IL; itljJl jj 

* p- . . — * 

(w JLll l {jA j~J j/l (»«jU^I ^jA { jA jjJl (jl <OjLd ^jA Jljjl U*-j>l J 

tp.,.» j ^-l (wilyWl (_jl LajjJj aJjLJ ^^Jl (jyljjJl ^jjl J-* Ifjl 

* - . . * * 

JUJU U^>- Ja~\j el^-l (j jUaJ j^JUll IjlA jl b*w?lj jl5^ 

j^»S/l jlj_^-ijlj tjJaJl (j^J C-»U| c -a» (JJ IjjsLlj 

.^>■*^1 aL^Nl (_jl I-UIp ^jJI 
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LLa Ujjjco jLS" -Li* •(.£-^jJI ^Li*-il iiiii «X*J Jail 
aJl^-IjJI L^Laj^^p ^p l £<jl Jj 
^ jtz .Jl jILp tljib 4jt4l>- (j cij^-® iL**l oLSj .1^- <u^li-l 

*£J t*si^JwaJl oLI oJla Ji t ( jj»j^»jjjli p_lajiil 

>_a J I.:5~'j • 4 -PjNI *^Lial ^«j ^-Ul ►Li* 4 } j_£p N} Ja-nJ ^ L^l 

jj-iCp 4xi.ij <_£yi f-Lpj J Jj Js (j-^f Jl>oL i2^-i Jjlfc 


jJ JLpj tOjLL* .i^..,t* ji-\ ojlSss tiwJiaJl aljl 

LpL>-l ol j£ a.Sjj'iM OjIS^ .Ll jg --; (jJj~! jL^ ^^’-'Vl olji'yi 

^jJl L»l (_^l >_JlaJl £jl>- £J«Aj (jL^jJl jl^S tal^*yi 

0 

. VwJL aJI IJjIp ^jA ^j3wXij 

& * p 

y*^-\ y> (_£.AjjJl i >J) (_j^L Ijv>-l 

<jl JjuaJL C —j I Jj j_JjLa oLS^ .<_£4^i-l cil fl LL^alxil (jvlUl 
* * * 

Iji^-I j ljLw» ii_p U tj^-li-l j^p jv~> ^ Jji«xi!l 

«-ljAI .(jcJjJlj y* jSM O^r^i 0>j c£jjl jL j-LJI 

0 

wLo ^jJl ^jJl Cfrlp^Jl l»ijb j\£> ^3wLo y& 

4>w%Jl (J^L>- La ijLjisU ftjLilJl Jl*JJ &^>-^1 ol^^fl (3 

^JJl ->l ujS.JI 

^aj ^Ml i»»oUL-I_j Jl (J^L^ ^JiJl ^ ■iigj i_ JL * J I y> J*A\ 

. ^.>~-Ll J^>L>- ^jJI 
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/ * 

jlS - JjLJ! j(yis .11* J ^ Jjl JjU j£j ji 
Michael) s—■ ^-jg^ ^51* 

:l$J Jli 5-^.i i!L-j <J jljjJill; Jii (Servetus 

^_-LI jJas- HJl^ i*!jjt! i_-.—i ^jJl *_jjJl 

^ o-j 15") . ^*xij ^Jl 
.((_5jjUM ^Jp C^-iil~»jj^-!l A?^>-1 AjlgjJl jj 
t(Realdus Columbus) y y* j)£ ^jjJLj Jas-^ c £ya j^ll 
^^1 jlS" {jCjj}\ ^y> JLjIaJI JjUI ol I^kjJI^- 3 (_$JpL»w» JL>-I 

i]JJ .eJLU! J M jJLa ^Jl 4 jl5 «U-I (JL jl Jl jyli If tLu 
^v2j ^JLaU jlS^ lij iJlj^Jl ^J? <jjli> 

v_JlJ-l jl5 lilj u_ldl »»^UL-I JJ jci^Jl <J^>- ^Jill 

tjjJb£ 1^3 ...(j\jlj-iJl J £jU-| Jj &■*• .sat jjJu& 

^»jJl il-Lal (_jlj ^1 4 ai$j*-j *pjl <15^ Jlj^iJl ^-U jSJ 

u> 

JaAj jl _ _L ^jJl Ip^j Jl^ .Ajl^*| (^*Xj ois - 

*1 JjUj jAS .AjIS^ j£j p.x J ^I y*j (J ^l*Ja)l £*>tal 

d)l Ul j>-\ ^^1 ol^y«~Jl ^jlj y* di 0^ .ol>l«J-l y?*> 
f-j>- 'b/l Jjla j 'i/j t^jJl ^£S1 jl jl:.,^;jl Ot<rf y-j'ifl (jJa-Jl 
k_AJI Jj*jj .*J)jss>- JS' JCP — Avajjl (_AsA) JiJj — A»4>^]! eJlfc y* 
oJjfc J-^al— t(^iUJl Siii 15) 


*JL6J>- 


V 



\i y* i)\S \S p\ ‘U ^S ’ lC->L)jiL>- 4 J>*-> A> a .^li 
JL>-J tA^J>*>eJ 'i/ AjJJJ ^jJl iJLfc Li ■ ■.•>- (1)1 X*J^ .aL»SL ^..-.■:L-1 (_j 

" * e- 

tiiJi <jl^ . l~ajj ^Xil ^jP IJbjj la twJUJl 01 

.A-jjJl ^jA ^*L*Ja (JjUj 

a*, .,Aj ^jjl j»jJ| J-^aj LoJip :ijjJLi-l iwjjjjJl OfU- Ij^aj 
S ijjVl Ailaall) t<jul 1 —il p\ ^1 v JlaU ^1 uJU -1 

^jJl 4(_JJ>-l ojL*jj ~laJU ( yp)l\ <_JljLl oJLjuj 

.j_jJb AjI (_^1 tAjjjli i£j>- 
.Aaulj A)j aJLII (JjIa ^—.->- 

a-^Xj- aJLj ^>- L)L*aj 3 X 0 l.jl 

1 . A . a’, j ji toOjXS IS j>*1a CApL* a ^a ^£SSl ^-j*pJjJ 

L*il,Sj tCj^LLl! Jjal-wa AjN) A*jN jjaJl ajLxjL 
+ 

Xp v _-1 all IXa Z)j) j\* p ) 9 .aJIj^z^ 

A 

.isL-JNl Xp USli j 


JLjjjJI i jPj»\ X>-lj jl JaiLa ^IX*sis*>l) 

iiLil £\p> •#j-iLo twJLoil aJjpo Xj^J l) P 

ilijaj 4 APj—j {jA If- La i_-LflJI (J| jlX*XNi £+P JA ( j,a oXxil 
(_3 jJto Ajlai>- UaUoj Aap*p- jiupjj Lij?w i^ JL ttJl 
l_JLlJl 1 ‘^X-)^11 ^P vl La ^a AilS^j AjI fl*3i 

. oLi-l ^1 IXlp ^PA'-U ^Xll) 
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( jjo <>-j jj*- JL*j jJl oIj j-iJl Jajj! jl jit dJJi Jl*j 
twJjjJlj ilj^o'Vl J\j Jl*ll *^i-l 4j j j jJLSjkj .0 jJiL» 4_* Itfll 

* 4* 4* f. + 

jl lili lil^>-jl LiJa jfu> J^Jj iJUa» ybj 

^»jJl Suaj C.^ oJuLi *^LiLa jJlj AjLgjJt Jj dij—« Jjjl ljjJ 
J,j , Wl JS jAj 4 Jj Jj^“ t 1 _ 1 - Jp 4 jI . 14l»j 


.itjL-j'yt iitji xs- 
t > 

. jl*j jl 0 LS” jl ilLJ.1 cJLLpI IjSCa 
(J itj4J4-iJI $j>-J J^->»1| ^IjjOwuL tj*;.V.t JJ j>-N J^»*y t 

Ij j~»aJj j*— JL-t ^j|J?| j iOjjSllj jutjjJl J-^J jjJl AjLiJlll 
4A-bj'ill jJLlJ (Jj . J^aliJl js- ^»jJl JiLJ ,jJl aJujJI 

£s*3 ^—4 iL 0 jJaj ^y> l^- OjP*Xj aJLwu«j JuIj jJU JjLfc ji 

f-ji-l J j jLjjJl • jJptji Jpl lc^ 

o»^ L>l .4 _JLaJI ^>xJ 4>«J,! v-jUL-l Jp JpLjJI Jji 
jj . jlLL>- jjJisi JLj tJuJl Aj»vd,t iwJlJL-l Jpj tJsljjJl 

(.jJL ^IjjJI I J oi^>-^ll SijjNl 4 4..., a.i 4j»JjJl 

jUls JaLjJl qjI .o^LpI (j Si y ?jit oijjVl J Ij-j 4j>*i>J.I 

Ja^-N j*j 4 jyljjJl jji BijjSlt -L— J j_j^4 

. iijb Jl LtfU Sji ^jJl jiJJ 

^g< 3 .4 J*JJ .JjU (3“^41j J^-l J^J |i 4 j-LJi 

44 

J^flijJl)) J Ojiaj {jS> ^ilJj tJlji ^ jL^ 44 JJI jm> 
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JLp v_jjL 4 jis- 

jii J . (ju»y& <—ill^Jlj SjLiNl; Jjillj 

AjUaJ! y y&'h 4Aa*jU >'$&S ejijU? j•*+£• 

9- fr f" fr 5 

lj_j>Oj Jl y>- (_£J-lp A-j! IjliLj jl lJLs»-1 \y,OJ>J N ( _y^>- 
((1 ^ - i C- {%yLi AAJi^“I ^llsLP A _J 5 \J 1 ^f*LwkA>L> 

0>-J tAjjJb>*j^/l Ajj&Vl I— 1 J^-I Q.;...tj laJCP 1642 j»lp (J 

Alo t j~*\j^-\ ^Jp Aj^lil AjIS^AJ CA^A) 

> 

jjp toL! y» l>«j AlSCI tA^oJbJl aSIjj! j^Iiaa C-illl j 
»• « 

(_3j . Ij jJ *5^>-J Al«< ^p!Lp yt^PxJ OJJ j JLaj CjIaj cA^JL o y&s- 
015 Ld I ji£> A^J» IaIjVI ciUb j5Jbj ybj yj\ AiJLp> Jli tilta 
AjJaj ^.*1 iillA y[~ji-\ J5 ,ju jl (JjAj 

(_£b 
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(jjli l.ftjl iS L-jI ZS Aj^jJI <UP^Sn 
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cUUll J — 




ejgJJ! cl!±i 



1689 c(Godfrey Kneller) js—Ji lij^ ^ju-i 

If J^jsl s j Ji 4.» ; .la.H ^jJUJI jl 4jLjiJ-l 

tfll oU- jij tjLi-lj ^JiuJl Jl^l ^ (JJ ‘ c-# a~j 
ojlil oLlj oIjaLlII jJI c~3jJl 

.ijAllaJl 

ULil^fijtjijJt O ’yjj - 
(Robert Hooke. Micrographia) 
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if 

oUL^lJl Ulp i3jsiU JU^I 

> * 

*^all 61 ^ 5 ^j2a 1| ^»l>-jJl dA^Jlj 4_*_*»1 ^Ji 

^aL i^JLwiw (jt Oj^ <J j^j aJu^- ^^iii 

^ ^ l 5"^ d-. a«/ a11 ^g 1 <?> ^ oJ-4-pNl^ 

olij (5Ji CpJ^ jJLJl ^y cjij clLaJs 

.^ibJlLu 

iwJai J^->- p J- aM JoJZS'j 

(. * -l * 

(J-^ - ' cii J * I {j* J*** (J^ _A*-^ 

JiUjj <J»l^ Jpi^eTyi Jp^ ibb. AjjI^j 

Oj^* il ^-jJcJl (_^J Jj jJLl* ij^b»- iijj«Jl j^p iib-ft 
j^l>S\j yL*a)l\j (JUj jS Ij :i*-JaJl (j (_$JJl 

•crN*-*^'-? Jr^'j <3jj^'j 
{£j*j *-•«/3>^ ji Vl aJ $j>-j N ^sJl IJLfc 
An Allegorical Monument to Sir Isaac ) #^j<jl>wj 
(Jj^j boJL (jl ij^r J^iJcJl ^»L-jJl U^»»ji ^ydl (Newton 
l JU> Slij Jbu 1729 5o J (Giovanni Battista Pittoni) 

4....M tS (j j+t Oilij __/iP 

4«.O.Hj t»_9jJli! ^^P oil i?-^iJl oJla oils' 

aJuIjJI)* ^JH«) ^lA 1^ 4-JJjJl 4jlp ‘^J jaLI ij_y~^ 

The Sacrifice fflo-SlJjj o*-*aJ>>j <-The Holy Family «oJLill 
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.<_$ j>-\ <L»-Li ^y> H jjL U^j' cJlS' t(of Polyxena 

(Leibniz ml j yj ^ ■ >i<ij■«*< 

method «j (_^L«^- apIJov-M 


iwdjS - : jJLJU- Jjp cjIp ^AJl ^-i (of fluxions 

(S' ^LS s ‘ * "' Lufc^J || ■ .,.■>• 4^* 

.jjcv<ill 4 jaLu^ djlii>JiJl jV* 4JaA- 

Principia) #4~vi>lj^J! ££iU.!» oy^-bil Oulj j t_-SljSAl 

J*jiwu j ( jd\ VqJLaj iuiUl-l Jl cu-jIj (Mathematica 

^>-^J ill—r ^i)l A>-LaiJ( 

<Z~J L^iaJ I ^ c i— 1 

• Vj*^ OOr^ Ji ^'JJ 
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ll—- jL C.jj^-j __’> 
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y (_j J imljJlil ^-2jA.& ^Jt^j jl 

^^-li _y(-^jl (j^pllaJl 1665 4J^k> (_j 4j«*al>*j 

<u~ij Jj>-j L Xs-j .k_4j^Jl (j,\ £j j>- (Jp ,_f>L)l 

«* 

Ua.*.T...4 i.4*s£j> jJ 4 .,-Ali l(—ij^jjJjJ (J illUl ip 

^ajL^jLl ^Lli*j iS^^A-lj oLsiljjJt <Jjl^iVl 


. *jjJU oJlijiJl 

f. J.^ll 4 jcLI j| QjJjLou JaljjL<i ^»4 ^j3^!" L -4 -? ^d)IS 

cjia-M>/jl LI ,4jLil5\Jl t-\ j^^IS jiLJl ^LaJj 

Ja«JL>- olj-IVl d)l eJLa^J f 1 ^*" <1)1^® to j£ji}\ lULL' ^asj (_£jL)I 
JjJ^lj tL; j2j ^ya-jI tiAgJl tyL/?Nli .^*)UaJlj t-jjii\ l y> 

«■ ,9- * * 

IJjj t^r Ja'Z ojj^./all Cj jt>-l i.^yy*t 

* 

. Lijj oiL^aj jvH-p d)_jj^ijj (lLo^LJI 
<U? jjLj i^_jlj jls tol j*j ^jJa^aj LjllP e- j .,<311 d)l I j^JLxJ 
te-lyil ( 3 | oliLi Jsu*<j J>U- LjJ>P_j t4^*>l^jul ijjlj (_$jL~J 
(j . ,). p o( h 1)L jh)*j L U> ) j. .. fL i ^1 ^ w »j 4jIs 

(_jyu jlys L <J^>- jL«^j*i/l i>-jJLi jyjdl (3^-<kJJ t(oLo 
jaII jiLJlj o j—LaJI d)l^ LwUp .(Snell) d)jjli> 
o^Li <J (j-ljSI ^yjJb (Ren6 Descartes) OjlSio 

td)ljJl j> l^JL>-lJb L (p-lil; tzAj* o_^S3 «u 

0 JjLaSI C^lplJi® 3 I '-■ J LwUtaP jglai ' (jlyl^Lt 4 g . „ ^ 
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(j d jjJ~i AsC>-l J dJL-Jt (—a3I J>-J (l^-ll) | _jJtJl 
jI~3J|» (1)1 aJ (JIJL 4 Jjl>- 11637 AC (_Jj ■ ( j-~a.-JLi I e- 

„ > t «< * 

CjIj^ to Ail bgJc is-Lie ij ( Dioptrics ) <U 
.1)jiil j!tl)lj_j-Jl oLS" | c J3j c_/j*b!l ojlji 

^^a-iNl f-j-^Jli .,jbLll A^-j tilli i_iS jjhj ji ! JLs—T ^^£1 

CjJI^ |^3 dal. 1U .->1 JCp- t(_£ y~\j j\ Atfjjiaj id)j_bj (_jLya.ll 

AxlaS jl (1 )^JLo JuLo (J^b- a^Lii jl I)jJua ^■■->- ^jp eiljOjI Jl)P 
j*Japl Aj*^j illlA olS" ( JbO»*j Ojl^i -Lxj .j jlil £-l>-jJl 
o^jjjj Christiaan Huygens jl>4* <l)Lc. j^S") LjjjI p-\ c JLc- 
J oljJaj j y-J oj I j}\j U (iijA o j>jjj Robert Boyle Jjjj 
(^L> c-J A9^x-o (_^l Oj&'Xj «.«i ^ ^'- d (^1 (1?^* l(l)L-Jl IAa 

^ r> ...^ jl Ail A*i ^ Ji IJbJL^ iljJfc L«l ,yj~j 

. Jai 

AjLA-La*j l-b>~ Ijj^ .1* I ( J..,t.yjJI eC- o>xj (JjP> (1)13 

^^P j*J)ill (Jjl (1)13 L5 ~ >_ Ax-Jall AxjjJl 

ij«-/Jl jjla oj 13 (_^Jl c0-ajJL> a3J1I ajc««^-Li i—<jL>dl 

t ^-« / jl., <at> -l IJL>-I_j Ata .><a> (JjA ^lIi! . A- ^ -LxJ I «j^ill £j^S 

* * 

Cj y*ji ^p ojLp Co 13) A4-3i C^jjl^^M fr^laxll ^aL>J.I 

oIjUJI Aol>t-^ (_j yif'j t(J^l»-P a1»j^j 

jjp AjL>iJlp j^jj .®bsl j&J .-ll aL 3 C^l» (ejJall 
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y> yj i_$ b>w^J 

0 HI 

jlS' iJli-l ol {j* ifcll* L d J L $ C L~ a ^ 4j*iaS 

* * HI f. 

4_sJI y& 4j>r ^2 a U^L>- lp^\3^- ASjL^2j J (J_^l 

^y>- (ju A^^oJl JS%Jl ciLiiS'l <j (Boyle) Jjjj JlpL-j 

i* (, p 

o^jli L>iJllA 0 1 jL*Jl 

4.1 Lial~*j| A. ^ -o^S' (jI 4_s<aj^ tA j^^ ll Aa^Jp 43-1j 

p ** 

tA~*jij iij-fe ^ jl to y^>\ Sj-flJl 13 Jb «, ^LUj 

ojL*Jl LjJJ OjU? l^J y wLpI lil iJlS” ^j t«ceiiinosssttuv» 
ilUai^^l j \^)) Ulocoj «Ut tensio. sic vis)) 
jZhi t4j4 _s5sJlU 43 j CjL*i 1 J-^U) «S \ 0 ^Sb) 
.(^lj^\JI aaUL ^Aw>t*,<3j 0 Jjl o^->LiJl .ii^A 



* * * 

. f-j) .,<*? 4^S" 1 «^ij1 iwaJLiS*! 4jI O^ 

l^-iU j-L^jL dUS t^L-l 

4*x^JL^aJ 43 j>z^A y^> 4>^lJ 

l) ISo L*1 * ^ I LaJ|^>" L^t - ^ 

.((^U^g^fl U*^>- (jy s J\ Ia 33^ 4A^JLa 4 +Ji.* t ^\ C^fJJ^ 

ijjj oU-ji lefr ^^ j lijj^'j rj* Cj^-u 

(\,\ ^^««7 L*^* l^JL^J t(^L^iaj J^jkJLA l)ISj .4JL^«-A 

. O^-L* *O^JLlJ l)1 3^3 4jI^ ^uVi 


4oLi^Sl la — jA^a II <daii ^ ISiL —(jbtalj {J>y~> l _^>j.«■ ! ■»' 

oJL>-l la lil .olli?- , >lll ^inj *JI cjlvilj t^JLs J^a jj^>-*^1 

l^l OJb>-_^J iSlij ^ -iiLLi oj£j -iiij <*i»5 

i ^ 

( ru^ If- l . < X ..al l)|^ lf^ ^ 1*^1 t ^A^ i ^_ J «. V«j 

I l^*a JlBI jlJI a-jp.,<a 11 c((4 1 .. ^ ? J 4 %.**..*>J 

J. A 1 « /j 1 1 f ^ o ■ ... 'i<U-£Lita o^ftlli jjp Jj-s<ajM 

> 

. L |SUJ £-*>Ip SJiLvaJl -u-jj (lignum nephriticum) 

IM 

^j—Slxj^ tfrlll j_5 j^*dJ 4 jL$j ^^1_/^ L^i '—wii-l IJL* ^olad^ l»*AlP 
4j»^il .ijLjJ pUjj 4jc*il — 4ila»i 4‘. .*■< (_j <uJ| jiiJl JLp — JjUI 
^lx«il ^L>-jJl ^Ja< ^a*j 4—~Aj . Kp- l j6.,-s> 

j£2 .*;I JLp OJ-l" 1 ,? J—P J/-*-a ll)_j-L> !>!««>• 
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JjjjJ 

^Jl '^Jij jJfcl^iail aJjb l j^S 

J^lJ>j)l\ f_j 4....a] (j^JJL jJlJ tjjyco (1)jJb jJu: 

jiUJl til)j^UaJl aLSjI AlJjP j jJ&j tjjj 

^1 iiLLlJl jl 5iUJ( jijli .SUJ a j^oj aJI ij (J=rj 

O')! il> j] ^lil ^ ■ ■/»* JaJL^j jl AiJk 

«a^.£L*JI ^N/1 ^yt \j^S liJLp® i>1jJL^ «JL> Aj j-^Jl 

ti«ta jbjj c-LiL a.*....— 11 i! t JjUUj . JJ ^ j>- ^1 

.((a~« 5L*JI pUil tA-»j a-lll 

Aj^1..>d A-xJLp ji IA^>-U~jjl ^xjia./aHi 

jj 

^L*Ju iaJL**ijj . ^5 pL>ol oli aJL^^Lo 

* «* * * 

L« jl 4 j jlll oUljJlH I^>-L» Ua^.i (j;\j 4^Ja~Jl ^Jp * yj> 

^J^jAo L oJCS* . ^jJy*o oUJL>- 

^aj .jW../2J jl 4jjiil ^5ljjJl 4 ^JpLj jl (^1 

•Aa«-I ♦ j4j\Sl 4^>-j Jj Lj-JjiJ 

**«4 jl ^1 4 4 ^ 1 Ja* Ai^P ^1 l*XA 

+ f. + f, 

^jA 0jil G*La ^£1 J& 4j^J*Jw£ 

+ + p. * 

.%‘br Ua^w j^Nt * ^saJI ^1*1 1^ 44*.a,^*j A a l la* 
cr* t a3j to^UaJl oJla c-a^j -ii ilj> olS' 

. 1 ^ ^ LAjl^pl ^yj ^J 4 ^ \ jC *^® ^j 
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4^>jI y^J (^j j*j oU|^iaI J ^o 

p * ® * * * + p 

jJ j>o 4_bol^ •V* ^U5 IjL-w^o JL>-l3 

+ O 

JaA^g L»JdPj . «^Ual»ll j-ii ( _j~ f ’ ® j-*~j A (j* ^.^* 4Audi*Jlj 
c-1.-o■.ii yljjJl ^0 iaj < cl»P' aJULo ^Jp j^*^11 


A~~j oLupj jl$Jl f- (j Aj j £ La-XtPj . #Aj ^lilj AaIIjLIj 

* 

Ax->ilj iSjJjl (\,\ aJjLo A-o-Iiaa o J>\$ O4 if- * •/» o *-* 
OjI$ 3 A-jlS^ a JL tu la» . /9 I j>l Lol . LfrX* jit ygl At. ,/i a i»Jb LgJl>-ljLij 
jA»»lj .AjutJl <iUj A-lijj (_J^>-1 a_/uw? a^5li aJ ^jJaJ 
At../ao a^SljJl O^ja» tiibii ajjaUi ^jp ^^UaJl (j Aj^>dJl 

. ((iflS p-lijjS aJi>-!,> a^J|Jb Ja-^-j #jl ^\,\ iljL® 


(J j>*J '•iSjl OL^Vl <Jj 

* p O 

Obtl>- *ASwi il 4AjLjjJl Jjjilt -bjll 4At-p 

< 3 jjl# p-j^i (j!j^-J^-® ( 3 jj^® ^>^>-1 4 i.,<attU iSjla 

(j! yrj^ Jjjti _ r <a>-li v_—g-ULS - ^f>li ^L^li 

4 A .^ ^ i * i.i 1 i 1 L^—^ j) 1 . ^1 • ... 1 1 1 . i A«A^*~ La.X*p^ . ((.a Ij ,,.aj^p 
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,yjs> <J !->**■'! 

} - ° (• 

<.4* Ua-o 5ijP cJL>0 ISj cpI4jjJ£!I ojj^aJl l)I 

. ® *15 ^Jl OjJ^-V^ll d-> jL*^ 

ty-N ^_Jdl Jp *LjJJl oI^ 

f, * 

J5 yA JiuJ Aj^aj ol JL>i -illlA dll AjUI ji (JtA>- 

(^_~uIjSM ojlA JA jS Ij .iJlP 1 SLaj» -Aj^pA-Jl ^LflP^I J^s-i?S- 

— L« jjv»j 4Ja->*ll 4j>t«J*yi ^JLli (Jjl>»3 . ^tJ. 1 JI — KAAJJlil 

^lll o^lll 4a~*J& Jp *~AAj (1)1 Al**P ^ Jfl^*l d)ltl^P 1 

(^—<Lu!i N 4j>-jJu t_d.~fT «-lil)i (jl JI ^jj3.\.>c& ljj,/ s\\ oJla Jio 

£L‘I Jli ^Jl ®iJlj-^-l ^-1 jjVI® O-b .H aJLSJ l jj^aJl oJL a 

~ * * » . - 

dr'Jc J ij^ ‘J-'* 3 ' ( _ > ,~^. « il jL$4-l J lSj^" lt*i ^j-r^l^ 

J J& u^-l o• la tj (J°l y* ^jpJ l Jp® tlpl^>“l ajLa^«-jLw»*I 

C~jIS Ij| L« (_5j^ A e.,a ~'.a J aX1p^->jj (jjy^aJl (_wa*Jl A*ia3 

JLXp oIpUs AXJfc Jp iajJaJl oJij- iolj-» SiU AjI SlL» 

^a v >LJls OoIj L»j coIpIas AjI ^tll jl jJjI^ tI Jail 

. ® A—j3j P l>wJ I La^ vaxpl Aj Ja JI 
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j>- jUalil) <)ai\\\ oJ-fc Jl ls> _Vi P^i 

(J^ Icij^ j-yaJl <w^>l>Vl olplii 4^A 4 jJ^ jl ^Ijjl 

p o^c>- j~+£ r 0^Jt)l ®^4 j^\ {£^J^r j** 

J j*/39 4-JlP C AjIpI yajfc«*>l a ^h~>- j <C^J . aJlP ^42aIa*/I^ 
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jjjj 


<U^aJ Ua>- (jijCj 

j .1 ..>«ij JjjjJ! ^ j-x 4 « bs d^jS'b j^-l» 4 e.g'ij 

* f. * 

(ju [joUaj (_y iju ji is^ 


l^wb-l Xs- 4—ij 4^giJl ilslS" 

^jSsJ .y^-'yi ^ U-lj^» Lai® JL >-1 ,_£^ I^Nlj (ijjl 

94jjii^- LiijJaj oijiSn ( JxL*j ijii 

• ^ ^ p t p ^ 

(_j 4+0 jj a^ii3 Ljjli l~4J kijJl^-li 4 J j+0li jlj ^L jl Jla-I 


<_r* 


Jl ^Lux jL-X (J j^.JL ' - O -I lJJL«x!j t4jjiU £"l j-vax 

> «# Vi 

.JL*JI 4^Uall 43 J*}\ jljl>- jjp liJa J5LL3 


4-^aI^JI ol ajcj t 4-L~j c-jIS^* v_ ^ 

P- ( ^ w ^ 

i v^l^-^iA3 4^4^31.431^ 

.^*VI ol>-j^j (^L5J jd\ ol^-j3 <3 jJu0 s $\ 

-^r»‘^ 

*» »* 
4j^ls ^Llal.«.q ijl^ Jj .iJl Oj j+0 Nj ^1 ^vail > _ ~X S LjjL 

Oipi 4++9*j o\x*fjJ 4+0jC-J 4+0j*}\ 4+0 y* a jZS’ vij^J 

jd 4:1 ^ ^lji j dUi ji^ .l^ji 

■ ® 0w\ »0,A ^ j0 f ^ *. * 3nAJ —LI ^LoJ 1 L ^ 1, ^3 d 1 1 ^^S"l 
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iiflj^laJl oJlj- ijljJNl jLiXil (J La *(_£<“ iJLjk olS^ 

Ljil (_gl Ha'.la yoa 0 j£j Jj ajAllaJl aj^ <jl j~> 

lU-A .^L*—l--al ^jA Uj jLp q* a 

f-j^aJl ^JJL^j ^LySjl J_j Jj.~llL ijL-pa^/l (JjL>x5 

AjjLala* L jjjj ^ ilU-lJl £>jLaXa p|^>-l 

oJiLJl £jl>- jjJLill i>j j-Mall (J #^L»c?-*yi 

C^oL) VmU^ ^j-a : ^ *L . 1 ——4-J1 a^^*P P ^^ 1 ! *U-a p XA * j 

((LULLS' a^i-A ^ pj) .,<0 1 i L g^„t 3| 

jiji t j J..,i.,u.) I p j-stf L)l 

^JJsLo j^JLiil jlS" .IjJlj£ ^a.I?xI3 oL j^JL ’ .a __^P ijl^J'iM 
P^-^Jl ^j-a <j^JJl 4-aJ-lP aISjlj j ^L . ‘ .. l 1 4 Jj* 3 La 
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jj'jJ JUx^j 

y>-y> OjLS" j Jjtdj iiL Jaa ijijij .jljlJL-| 

.AjIJlJI (■ j yaJl frUjl 

f. + * f, 

^ c-jjlj>sjJl oJLa JljUl ^jA I ji\j I^J-P i£j>r\ 

^.s&U v—3 ^p <0LaJ^ c^La*xLI ^i 1 «>La 

f, ^ f, 

4.^...^Li-1 4j y*z]\ o|^»>l Li L—X <U5 ~^-w? 1 <^JUl C^S^Jl (J 

ojUl *il IJLa •(ii^ljavail 1^^*!—^) 

J»>-IjJI f-j -i^Ll JUj ;J-i y> jLi-l c—>15^ .Sl>-Lall 

i_<Llai ^ylll #^ll eJu* <U^J tisjj*Jl _^P jjJLi* oJiibJl 
lJub jl>-I ^5 iJlill Lij t^JL>-l Ji . u5r JL>- 

io wL)«L»-»j A3^L> A^Lw*^*L»^ t^^Ui 

* * 

jti jjJLIa JLiJ Ifcjj jA J-*j OjISj t|jb>-lj OOiJl 

0 *> 

• o<iJj^-» jl 

. wAj^f I (JJ).«^2 j' U0 TjUj} 
015 t(_JjjNl ^>«j ^j-XJl v... i.lail i_9jiaJl 4-lwLjli 

^J| 3 jjbliaJJ J..,.^a7 IJLa j t^Lls <UjL* £jA JS I o jJ 

e-UjjJl { j0 j jCJ# il i<jy jiil ,jJaj?xiJ tljJb- L» IgJl ^11 

4 ^ dUi jis- M\yJ-\ hSH\ y> jS\ jL&V 

aIqqi tw&JaJl (jlSLJ 4 j jL....-4 4 j>-jJj J LjJS j)^JVl OjLS" jJj 
iLLi ix*i1 — (^lc^ — )1 

. ® Aj jLs1« Jj 
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p y+0 o^L*P 4Jo ^jj j*j C—iJLlS^! JLaJ 

!l^ 5 UUb Jj .<U*jco ii jlsj jLi^l AjuJal! iijU o ji 

} * * ^ # > 
A>-j^ tl-Jjl l^b jUS^I Ajb 0>jl ^ 

.jL^^jNI OjJJb JtJul 4jli jjUL LjilS jL^^jVI 


^ col a*JL> LowXip .wij^il iiliA ob^ JuLl 

> *» 

aJ.IJla1j>- <Jjl>- Aj JL>-I 

p ^ - 1 Ls* ^ l ~ > -L> <u * ^pj i1 j^ m * *4j 
i^jC^-Ji+0 i^j^i \xaj >^lii P-l(J^-b frLJL u j Aw^^\pl^ 

(, / t f 

J^L>- J il^JL. J?Lojl <J^>- AjJliilj tjjcW jjwxa 


£-«J i<ull^ (J^laj “C-filj ^ j >~T £_^J oc-L^Lo JaL-jl 

t . an .,^»_p jl (_ 5 ji (1)15^ .4l« JbJL»- 0 j} (jjl ^to| ^ja*««>l |1 OJUi 

* * ^5 o4^*>il .Xaj 3 . i La_ llp^ cjwX^jJl _^1 J^p 

« (. * * 

_^uC j jAj <jjj Ja3 ^la*.ol ^1 iLflij ( f Jota O^LA-i 


jjts*»l jj-* (_$0 Jb>-Ij OjJ ^ jiSl ( j» liJ^* ^LaJlJl Ob* lil 
Ijjjf <cJj^ «j£*i t(ij i . ^a! I (J| JjU ^^>-1 jl 4(JUjjJI (Jl, (Jib 


(J| (J| U jA (j J .i(jt.»i »ib^J cj yL > «j 

JjlOj ^ j; ■ « ) I ^ jvaj ^U«J l»l..». 1 jl jiVU) ,4^»ol_j'^S f-_^va3l 

Jj tU j^p JLaijtj A.o..Sail I oL»L$o<jl jl oljL-501 

■ J 9J 4_Jls 4»I ^<gjl ■/?>- 
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ip jaj£ Jj ljP“l (j jJ i ( j-J 4jt jA ^J/S^l')! I frj ./i?)l 

ills i*-il j\P JaJi>-S <j| tiilS^ ijljJ^l y* AjjJJj* 

V tiUJl Jp (3^JLj L«-Up tj««.?.Hi . KiJjLiia 4 j»-jJu jL«^i^U 
Jj tiijjJI J (^JUl Nj i>-lal)l (J (_$JLJl j^Jaj 

P-jl^1 jljliUl L«^ 43 4^-LilJl 

e-LJ-Vl (j 4-L/?ljU C..—J jljJVl jl *Xa1*j Ljljl OjISCo jl5 

Jaii j'illj t*j-jdl Jp j^U oL^J jAlika <_£j>-jlb Jj 

0JLftJo» j»L-»>-! {jA i—iJbj *bN jjJLa jilxJl .k_^«~Jl J^jjJ tjjP 

p * * 

. ((a jJt- ^jA _/S\ jJJL *j../j! 1 l *«■*.< Ip y ^j—SocJ i)jLl/> (3Jaj 


£■**'_? ^UflS Jp J^JI JjjJ-l «. 1666 ^Lk* Jj 
O yjj 4 jjpUaJl ijLjXj J>tPj C)ljlill Jldi i j.AxJ ^y> 

^la J^pj Lib>- ^^>-S/l 4 -^JlxJI ^ULIj (j^lj j . j 2 *\ I .lijA 
jj Lot . jxJ «-Lj SjIp^ (Christopher Wren) jj Jji~j J S’ 
jXA jS" (,,..,<?.4 J| ^i)jl (^1- -> - ^>-Jb /vats' Jl ilp Jlii 

0 s 

l)j5wllj ^-JaMj .* y *aJlj (jjJJl J oLs<aL»JL) a -lS'jj 

* 

^ 0 ^3 4j (_* J^J JJ 1 ■. -** <d ji? Lt»%^ip 

c^mSCH! *L*slpI lj_ jLls (JliLa! o j JLp 

4«i>*J 4_OC4ji-l CJ yJL) Q^U 4jJ U- J_*j I 4 1672 K^ajt 

New) « jljJVlJ *J^ll Jjp- SJbJL^ 4 jj iaj» jl^JUl 
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js. ^ 

« 4 ; j LJ LaJl ibc J (Theory About Light and Colors 

. IajwU^J ^1 (Philosophical Transactions) 
* * 

ILa 4j j JLt o ^ 1 ^iJ 

4 JI ilys ylpl Jii .SLJ-l oJ <Jp Li L> ^I-Ap y*Li c[£Jull 

L^. » . vg j ydl <cj^laj jlj Jy ^jA k_jjL>tijl oJla Jl 5 <u-Lii (_£y>-l 

#£_£iLa)) ol Oxj j*_P jy*j) Lj^b <SjJIi jwjSj L^a5L>j 

.(o» 4ij J~j> yjJ 

^-^-LLaj o_ap ojL^I^pI c^a>La ^jJLa y>-l a-l^lp jLI 

jl^j^fl ya 4-1P (_^P y j-j ^y l4l>*il (J,l 

jlSlsbU 4a^^Jtp I ol (J LJLl 

JuJLJl <Jl^ C ^»Q » | Y-l- X-l 1 I ^T I « « *> 

p ^ # , p p 

4-s^L>- Oj { °J La-xI L LI t4-lp L>o*J CL <_$ ol JL>-I tiJjjJl ^Jl 
^ ^ * pi L«*al ^op IjAS"! ^i .Lu ^f 1 L I fA 4j3j LL l . 11 ^ q 

4jL>c—»# JjuIj jOla-Aa t_J.lall jLLul (jl_J ia—iLA-l 4 Aj j£- jl 

4-LtP 4 a 3J Uxp 4 1678 L-x ( _ 5 i» jxJJl Ula ^aJUxI 03j . «4 jJ?Lv 

ilLft obj .4A-x o^j>Ljj (j-***' iJlJuT j^-*Jl ya 4Jj 4-SyJl 

.4Lt.uL 4-aLI <Jljj V Lf Ui>- yi5\Jl 
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£J| j3\ 


dLxj cL> cL> \<) )a3\ 


rOjULaJI d-ul 





!yva?-Nl LfijJ JijjJl «j L« ^3jjj ijl a -^-j L« (Jc^“ 

! yC~~j v-^JUl Laj 

(( i jyy~SI» tj ~ 

jlfij* -djjj Jj L& 
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\ J cji^JiJl £jl>- Aa^I^J l JuilaJl 4_djJ j>~ 

^wJl <1 )jAysj ^jJJI jUl ^jj d772 4j^*i 

*■ * * 
lA>rA^^il 6 A —d L>* \^LkA ^Uj^jP 

cJlf .^l>-jJl l*Ja£ ^ «,<gT I^Jp IiJU 

Ll*-s^J ji (^Ijil 8 Owl>-l^J) jJa9 OW3J ^Lj jL^S^I 

1 Ax_a^I JaA^ij Aj^ 3 OtoX^’l^ o^f‘»^K_ i 5 A*>><JLp 
o' ft 

.aJ jit ^p mj^ |^x^- <ob a*>>up cJ^^* jyj 

# 

oljUkij SjL*l—o IjjjtJi (jjJJjj i_aij 4./3~.U (_^pj 

jj^JLi ^jjJJl JJ-pl.^.M.a jli - lk__JjboJl (j_J^S“ icli 

Ojla^^ajj (j jaL tij^>*_Jl i j'AJ^ 

ys- .* l l i*jbd 

( JiC il'i/l o j_& ^Jp ljJ>t>- <Jl>-jJl J^-l 

ljl5j C4^jjljlj^J 0\jbj\ jA (j./3n\\ i^jU.) 

.^li! (jy- JCS’ U l-sLJLiS'I J j\£ 

_ » <• 

O^M *—9,jgxj) 3j^ ol (Jd^ 3 ilr 4 ^ lijjA« jl* 

0_j~L>*il 4 j^aIjJ^-I i—Jllg Ji_j i(ij l)I 
Ijia>- JSlJLj IJLa 0^ lil L» 

( _ y Aj (_£^>-1 aJL —» J yS\ 4^-jJu 4—Jti 4— ij\j £N tjlSj .'il jl 

C-oLSo ((5ijli-l 4 p_jj L*l i«jL^^]| 4,«..i.,iali 

4jjI>- 4jci) jjp 4jt>il yS,y (_^ J 
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-yjlyY jljjJ uljJajl 

<*>-y JjJLPj .Lj-S £~J?y L» y>x - ~zi 4jlJjca 

[jjSL» yJk^ t«L*a (3 JJ^ (_ii J y* f’lpj-il 4.t.» • 3.1 



^U.! 


* m f. 

.^l>-jjl oJbJ-iJ! ojl j^-\ O-Us <L—s>- t4jC- u5jJ>-I 
0 * * * 

(1)15 il t<ujjlJjjPl JjJt>- (Jp l5L* Cj15 (Jy>-\ b yj y£J 

* 

^JJl p\ 

*. 

. jUU OwJaJlj Ua-J jA 0j£> ol <— 1 A*Sj Rolil 

^Jp pL^AJI ^Jp £^p j Ji olS* Of {ja p-PjJf <Jp 

Jljj V of^JJlj ^-L*J o ( j- ,a ^ JuL ^1 ajU (,^j&\ 

* , <* f 
|J0>- ^Jaxll <nL Ij / uJ 1 ^ .pL*^JJ 
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<3SUs>^l Js- <VjL4 t ‘s- 

(3 U lit ‘CSo tijjAJl jvJ'^ No_^j 

3| j*J 4jl*kJi (3 jjS-x^l JjLJl jW*J AjUji *bj| £-jj 

oLLsA?jJI Jjhl> (_g jJl 4jll^ (j (_gjj>-l jij Jj . j^-\ 

<■ * * 

\ <1^ l \ yJjij J I ^jS' LABIS' JL^sJ 1 4-0 L«->£J' 

OtAjLJl Jails- ^s* i^Jj jells' jjJLjLI 

j^Llj Jp- 4 ~~Aj JjLji ^J>j lil® tWf-jJLfc J i! jg --■ 

SjjUalil ojlll y>*Zj J-Ju tijljjij l “ J ^“'d 

j^lJLjl ^JLo 4jt^Jg li iiJlj oils (3| (J4 -.^>v4-' 

4i)lil> k_jLoL>tXjl <jyJU N ^.^jtlJl jl Ui^~ (Jj - 

J i L ... J 1 yA LJ ] \ ! * ‘ l .~.- i ' yA (^ 

• j~p^-\ (3J1 jji 4 'Jj^7 

i«lDi (J ^ <!>! .(■ L />.^J 1 oLI-b 3^*^ (_3^ ‘■ill’ C-JIS” 

l^.jJbi-1 ^2J«Jl (j J jJiJ C<~ui) pLvO-^>- 

* * 

CjI jjl3 iSjb j£jL* <wjI 

j^Jj jlS’j (George Starkey) ^jlw £jyr ^y*-~t 

.(Philalethes) jJLJ*>li A~Ji> 

Ijj15 .®4jJl« 7 -j j (j •* j-4^ 4 jIUj (_j f-lf - 

<dj j - /3 \(- 3 ^ jlS' ^Ly^-) Silp (J^* - J 

; ^ -j* , * t * * y 1 4.^] 1 i «x^“ I 

JLp ^..■»...'..U jUJl (_y 4 i Ul .-Wj^I 


74 



jijj y uij i jJ uijhji 

Jfljljj ( j- 4 .JuJ-i gJJ jliJI 

4_1jIa 0 jJIj )) nAj.A ^-1 1 */3j ^1 “-W 1 

^ *> l' 

*U Jiai» i%*^r 1 C $-AS' ^aj t p—>■ p—*> 

C-—AjJl ^^JLil . «Lk* y+J? JkJUSjJ ^j^JLil <U3 <w^J»j 
4jy+£ ^JjJlli! ^»>*j ®^ 9 4(_g j jLAJl 

U/b^tl jJ* v—)Uv?l wliJ C^j^l>tl)l 6^Ajjl 0^ 

* " . 

Jj>-Ic -eupj jJ uj \^3 AJuJljcJI 4jL^ jJl oJlA .oVl JaJii-l ^1 

^ty^ cl^ j^lsJI ^4-i^^iJi ^IiA Cy 9 cij*^ 

.4-11? jj^l JlL? ^$jJl j-ftj Uw^aS 

C4^^ Al oUbjxJl oAa 4jI ji\j <Uj jl^3^ jlS 

f. * 

olil l)Lj ^jI^. ^ . A - 1 ^jig till Lo y*^ l)^L*4j \y>\j La I JUjl ^ i *\ ll 
^illj (ilsL*, frL^iNI ^JUI) 1 _jJ>jJI 

1*1 XijJ^- L$l*^ c5*^0 o ajy£3\j (<uL^? L^L**- (_jjJl) 
jJLp ( j»liJl O^iill ^1 la* (_jj j-Lya* j IS^3 

(Georg Ernst Stahl) c..»Jjl y>- jA (jlil .sIp! 

.(phlogiston) t_j4^—7 
l$sl j^-\ frUjI (j j)lla7j 4J*P L^-Sf *(^*'^1 

4aJaJ J jUl cJl».>t 1 (jl L* lil .^J^l (_j 4 jjUI oilLl oJLa 

y> i^- u iUi jup 'yi JIjo-'yi ^_is jz ^ju t (>- 

f. * + 

(jl I'll) a'.j (j)Ji ^.tt..<jj .jLoj ^y> Lap-1 JJ 4js1^ 1(wJ 
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(_JjlP 

olj tJilLj .iLs ji\j c-jjA^I y* Ipj- -y * (w—ijL-l jy^j 

jl yJL'&Jl ^a ..J CJlS" yJl 4 JL>j»J| yAj) JuJui >_<t> o^- jla 

j* f, w * 

jiiJl oLs j .LJLS" jl 4.,/g. ; 4 <u£j& oL« 

I^La ^ 0 1 AygJl Lai .^awIS^j <—*> jjfe^\Jl Oj^o 
<jL>d^ O^L^Li) L«^j OLS* d\}jSJ fr^ia«ll 

f, 0 t 

(jl yw <L-+>- iL^Jjl y.jC>JL i 4-Jla-xJl ojlft C-jlSy 


jl yiJ yill y« aj>- j >* z - 11 j»UA-l oljJLiJl a-JL. y„l$3l 

(jLJl j^^xejjJli .jUI |*J**Jl]| y^ AjtlaJ jl J>LJ 1^-.>i-w-Ij ((Jjxii# 

.^j^Ul jjjJ.1 <ol«i~uN yJiS3l jlso (_^jl)I i_aja^UL (^*-j 

'y ^^ylyil 3y>-j jLipwI jj ajjy*aJl; v—-P illlA ji 
e-Jjip ^yJL d-AA tllaj yA9 • (— Ijjly A^LS y^«j 

Oy>*ya L^ly *Xj ^ A**yaJLa yp y*_^ oLoH (jl (jy^Jl 

(jlj jil S-ijUail IaIjJ yp lf-ljj.5 aLjI iLo'yi ja O I^J.1 

. y j5\Jl £»xyi!l AojIaJJ SjLaJ ((A ^ \h a aiUs>® 


(jly>-^U y..,Sa j^Jb f-l^Jutil (_$jJ ylv? (_JyA^Ul (J^\j>- y*J 

aL>^3 I (m^^ I Ll 11-^^ y a fl * t I I ^Jj 4( B Jly*^’^/l^ y . .Ij^ J ly 

* * 

.Ny4Aa L^wi>j 

Ujy JlSjI y».1 ^iJI Jjo i_aljoil yJt^Jl IaJL^JLs illlA y^j 


11 o 4 
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4^jij>y uijtjijjzjl 

* 

jj-yf-j ifZLA Jl*j 4.qH all iiUaJt jLa 4 JUU u_ > jJ&t>Ul ?Ljj 

f > <• * 

(Condorcet) 4 -— jX£ jiJl k_ij-JuiJi oJSO Uij tUU 
JiJ .fliuibM L-S'U» IaL^I 4 .la*' (_£ji J*j1j 

d)|: JUi Sj^pLi 4ijiaj 0 j £ j >}\ ojjs $lil Jt>-I ^-Lsp 

.((<Lw?jN1 oLj^>HJ 4>»1>-I ^la*.<» 1 _ 1 jJfc^Ul 

CjLJS3.I ^y> JL>-I j5 jA jUl Jl J (jl Lajl 4_J 

i^^lil Jp 4jl^»-| (jlj! <J*L«jj IJj 4jl^J 4->v-djJl 

?(jA JSI OJj (jl ij^^i ^ 

^ *» p. 

^JSL UI“U iSjU OjLo Jj 4^o| OjIS' 

^l^i j-Aj t#ji^i>- dl^i cy* ^ va>_ 

4jLA- <L~«Jja!I i*jSLU 4 ju> OJil*j Jljpjll Jl>-j {y> l>- 

Jp 4jjjl(Jllal «(jv«jlill)) (Jj+a>- JjLL« <Cju (w»jI 

oJbtJ OJlfT Jojdl IjlA J 4jl~>-J (jl ( jA j*P^Jl Jp^j 4-*SL>- 

JaLca (J-S'isl {j■* ~b»j J Li IS" NL* 4 j^5 c4jL>cjI P 

• p «. • p 

1769 4X^< (_J LaI^>-I 4jjI^. ^y> e-l^-J J ^g,<aSr.«l^ iLjj_jl 
. ^>\j Jl ►HI Jjjd iJlSLL ^jLlJl SUiP^I 

LLL (..4.1 0 jLLa J (_$j-ll ► III# 145a JlaI jJLjl OJu 

t4^>tjl f yOxj ^ Jatf t (_ 5 jjJj 4 J1 ■ ■ .. 1 1 ■• o .*^a 4 ^j ] I^N (,J^L> .4.. I . /? 

<j^jJLp- 4-ij 4jj oJipUJI JliP J.1—3 j (3jj^ 

(frj^iJl ^ ^>»> 4 jc>iJ| jLflla jl^. .1_|) (juj-jL 
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l Js- i_>jL4 jis- 

4.„jJL 4jc?wJ| .(_JjjJlit jXi (_^l a 

Jjj.i <j| (JliLj C(_jL>jJLil il J (jwL-»—>tU 
(ijj ' 5 J <J*i l£-^'*UI ol OJJS Cr° (* Jh ^b •*-^-tj^-1$j* OJlk*-> 

f. 

jlS” LL^>) a-^i (_^l ^>- jjJ jl c_4jI£nXjj j >*~1 <Uo»«Jl 

.^lialil £jls»- (Ijjlp ji ‘AjL» jl 



AjUa.4Z.ll jj^>- 

John French. The Art of Distillation (London. 1651) 


.IILa 01 A-j_jl ji')} Ji>-j ojJ> <=-lil _/JajaJ -1 *j 

LoJUpj .UjJ.<a,4 (_j 4...~..i.j i)\S <c£J O^S”lj Lli> 

LoJLpj t_i>-l 4j| Jl?-j tijjjJl Ojj 

ilj (_j JjsJl 4 ... fl ...T.l 1 

.^L>-jJI IjkjJ-stfl-a (jl 
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iiluj! ^ujjl^i'V ^jj j 11771 4JLon ^ dDS-u, 

Marie) ji_^» OjjLj o\ (_£jL« t« j^s- ^y> ^ ^JL*Jij <c^liJl 

j!5j <ji_ajilli -b-l o! ^j t(Anne Pierrette Paulze 

oV ^djJ! Owip tjl ®^dp L& 

djLpuL oI (_£jl* cM d*~ j .o- «J 1 i>* cfri .r^ 1 

oUa^-tAil jjJJ oJlSj t<ujL>xj j p-L^SsJl c^JLaI 3 l^>-jj 


(J 15vo-j <P j jJl Aj j>^ d-^>“ c-^jl>dJl 


oJ j ?- 4X*«o^\jaJl j>^%j 4^x1 ^>cJ — Ljx| ^Ip- 



j*y c£jL* 
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2 ^Ai 4-jjlJ->- (1 )jJLo- 531 olS' 

4 (_£jjb>«jb/l 4^ii^ lf^ 

<_^JU( ^ilaj «C-oll3l *1_jAI» j! jLaJl f -\.(Joseph Priestley) 
^j.~A£}\ a.^SjjJ^a) j^-\ f-La \^ tjliJI (j-^j 

.(^j^Ji^Jl cjU^ a^)l L^lj t ( a£j Jl^-I bJUrUa.,^o, j 

£cJL/* pI ^A ^1 pJa-j aJ^^-j jlill iJlft ^_3 £jP^u oULJl 
> _. 

plp_j ^ A* ^ .Jj ( ^J-*-J«j LoJJ*P Vwdi>fclj ^>-1 jlp .iillA (1)1^ 
UaLujt Ja-J^j AjI 4pL« jlaJl iJlA |ij '{j} 2 ** 

a*- 1S tdj^11ftc-> IpIL> 

UaJ^p JL^SM L«l . «C4*» ^*aj AoUaJ^JI AfllJL* 

wbwbLl s^ljj t_^1 Jj LoJcp i lo ui l l jLlaJl jl*Jl oIjlp Lo 

*•» 

ojLij (_jlJjlii jliJl IjLaj . >w4d>cil t j^ii&* (_j 

<j b^-c ,_5^l ijjJLJl c-jISj ^*1_^il® ^■o . .* 

* >» 

•(_r^jbl ^p UU £<jJ^ 

J-fllpl ^i ^*^Lp aj^aVI o*Aa Ja Jl j ^Jl (1)^ 

iiL^I ^jp pI^A l i£j^ Ol jyju jj 

?AJljl j\ ^ja^UI 

f. + 

A^^^-i CAj^Loj (Jl^pl ^^3* > AaJjI 

p M f. fr ^ 

J)l ciJLj^A^jg J i ^Jp (Jj}«irf3>*JtJ (3O' tLolx 
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* * 

.oljiiji JHp^Uj£ 0lS' L $JJl4-^ilf. L ^L!l jjbjc Ujj JiJI 

.4jL>-\I <ol oj!jiN (jis ?_/JcJl ^JJl L ^jJ 

OjJjLS yA jJ (^iuAdJ 43 jL>“ 4 ^>»wLP uL 

. JL*j^ 4— ~J3j ^I^AJill O^J 4 JLo5 , 'j ol 4*^^- 

Lfc^XlP^ j**A**& ^>*+a cp- ia.> P'Lp^J l ^^3 La.XLP'j 

Jj uj-A^>\Jl (jllaJ ^ (3j^- -oj^Jl ^l^jl i143 



d-wLP a]xn*< 1 *lpj 3 ^il -L wSl Jjl ^^>- 

jl (J jll 'j 
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j-^-m^) L* S^l* J(ji>-1 jli tciJUJi5 d\S lij^ 

XX^- y> £jUi-l ijiaj 01 J^* <_li 

p * <> 

^51 jl~Si ^.wj Lis^Ls^j LJlST a*jjI.<j^I 

J ^j-^ 3 j (J^ (jLJl J-* £® jj 

W ^t*< ^ C- 

L»-Up_j .L^>-L>-j L»»jSU [^iji US' ^j toL* 
L«Xp^ ‘^-^ ! - -^La 0^ ®LLl A^-ljl ^4 tS j\£a 

l_*^JJl ^yilaj 4j 1 JL>-J ^4jSLil ^ jl*Jl iJLft 

3 y Ji^l x-iDi 0jAl 01 lx •j'^ 1 *-L» *_•■— j 

?Ol)S A-i ivaii! Jjfc 

^^—15 ^ 4.— j jl^1 ibL« oLa (_j Or® - ^ 01 tOir' 

•^K»£ ^j-jjLi j~>')l lig,.wi.._i X—«5I _jl 1 _j*j^JI 

jj-jjJl J——51 ^IjOxX^L iwJjUjsiJl ^ yr\ 0l5j .(_£^ajJI 
j£5lj iXJji o^v5 o j~*& (O^ 1 *XajjNl £"L> (5 “^-9 ^j^LiJl 
(3 y- £-* (_$jL«i lilj-"} X*j t(^^Jl <L»ju jNji 1000 ^>o (_jl) 
4CjLJL^] 1 JS^ t ( _ r JL50l Ixa ^Ljj jj^J.1 ^ 015 Xl! .^lil 

(3J LX£- (J_^>X 015 4J^J tJUJLi i_-i ^aJli-l jXilJl 

.cjU 5jiJl J5 ,Jp Oiiij tOiii y JS\ <cX*~J Xp jjj 
Oj^ j^jSUiJl jj-jjJl X...5I (Jljx-l 015 ^>-1 ajLjajj 

?0i| <—> (_jIj ^jl l jA La 0^ jt- > * j4 J! ^j^rj 

01 1774 <x j {y ^jJduj o )l^^f j5I 
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4-J jljjY oljjl'jitl / 

# 

J>*j ciUJb JLAjLJ 

* 

■*jjj Cr 4 '*Ur^ x~* o* p J*r 

* * f. 

JJ tUajI LjilS Dill I ^P (_£ ^j.n—J jJ (jb 

:jUo ^ dlii ja- iUIj i^iNl 5 J&> a-*-Uj 

I .La j d-JL*x»il 4 « ^ .t> jl Ait- ^Jai^ul Ur jiS I ^dL/ol La** 

-!_0jill Js^>*La u^Jj f-l^iit 


.#dUi ^_il i—ijS" talc O 
tjUdl IUa j-*j Ji UL»jta Ijla (jl Jj>-j ijl Jjuj 

U“U J^aj IJb (_^jJlvS (jl (_ll ^J—>•** . A—a.~.j <Uwbu ijl (—>^>- 

aJ jil (jl (_^JJlj .dUi Jju CUijJl /^o ojULl oiUaJl j^S- ^P 

Vl 4 A>*jIj iAlij AjJu -0 La fj £rj,/3> f-ljil iJLft (jl 

. I(jljli.J Li I VI ASLlLllua! k_j j£*> (jV I -1*3“ ji I JL^-I (jl 
( j»Aiill a*s (_jlJU-VI (—a> <ui ^>-b ^JJI jUJl 

«* a > P 

£jjl« f-l_yl>l** ejj-oi IjJj l(_JjA*>U -l^>- l _^ ? U> AjI Jj V 

ji .(3'^LUVl ^P e jy*& t _yA J l (j pI_ jAI (*(—>_jA^Jl 

0 

015 il (^>xjJl Ij-A ^P (_£d^ wd>-^Jl 
Carl Wilhelm) aJLJi ^JLgJL» JjlS’ ^ya —j (jVdw? JUj~JI J 
aljjb** aU aJI jUil La jjo (Scheele 

ijjJall jlaJl ^ a . -u AjO jljiV 015 (C-ijJl dlli JjJUtj 

^jl ®jUlaU ^y«dL‘»lU 11 )* f-l^il ^jSLjJl ^jdjil . JL S I J!ji>-L 

(_£ilp alA jI (ji^i (_i^*~d_/i bli'i (_j Aba_j (®(_^^-^l** frl^il 
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* 

<JI^>-I JjU- L«jlu«j .!-L-Saj 4j jj^ (_j 

<U»jij jUtil JjUail ^(a. » j.L 5 J1 (_^l) (_jLJl jv>ulJl) jJ-jjJS 

«yilaj jlp jAj jJ! ■l.'.-S'l Jjl a-Jlp ^JJI 

oil ®-l-® V— * ** * y 9 * > .» m l l 

*1jjk (_jLjJl j»^««jiJlj 4j|j^»-l l^->® iIjj- 5>- *1<jb 0j3 

?u;i^ bli 

JL>-li t4 jILa>- t_j^5jii 6-b»-lj .iillA C-oL? 

^ iM 

Jj ^»lij tlfSJb iiJ jj 1> yujJl jj.i.:.- 4 Ujj.i ei^Jl ye- 
^ ^ ^*^»' ^-y- iijJl 

«c*» j Lftl^i>-l ^.yf" <J (_£-iJl ob 1^1 

‘Ujjl^sN t^ws4» . i/oU»*Jl <L-Lj (3jjUJ| l-i$3 tAjc>tJl <uJLi 1769 

^.3y~) ^jJLt>~i' j*ji)\ <~4 jj£ y y* obajjl ^jl 

c3 ^^^1 i_0_^i jr *1 (3 A 

. * ' * * 

1Jl*j .b>-L»-j L*jilj ( *jjJ pj U<ajl JO^L «• jJjT C.-. — Jp 

>‘11 g.*«l *1^J>I jlJLi« ijboj jl^i-1 

**' e. 

^9jj g^flJL»j (L L U^>-) i ) ljiN j*-l-P .i»^>&jl sbl 

<—Jjli ,_y^>- A j JjLJI jlill yi^-j jj^]l Jijlj 

. (jULiJl 
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^ / 'l /jh if 



A-jjly'if jT l 5jli 


oLJ O <t^>~ tJ^l *^1 c^JL4 jl JijSfl f jJl J 

(_i^ n J*J jljb*- (j'*' (_^»5jJl il^ 

C(J,Ul ^jJl (_jj .yuJ! (_^l oJjlp Ifi 4-Lflj J?Li) 

1? # f. 

.^J^Jl 14JLS.5 f-l£A) JJ^Jl ^lxx) ^JjP J(3 l >—•’I.Aj 
5JjUlI S jLh\\ i>Lj> Ojbj! iJUl iLiaJl fl/Nl (5-U Jj >J 
<.j-Le- (_jliJl <Jj .oIp <3 o-*-L j!<3). 

.oL«Li!l 4 j o )l_»iN iwAJjl 

^x^SUI jil I olS OJjJl lLU^ 

<Wll«l (_5 jj! frl jil ^jA » i (i^5 JkS 

Jx»-*ll (_j la»./a!lj sjl. ( _ r l£Jl 

(jl (3i oLit~~>- d”*^^ (3 
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Js- 

(ju La J,J A^*^a A-rfS JJ (jw*?“ ( j^ ( j^fl>uli tO^Oa' AS f-ijAI 

A»«_ \a O J^S" . A^*^a A^a tjiwj IJ cIj^j llWj'J Ui^' 

a'jil 'JLj~ Sa-jJjf AjjLs- Ja-'j jli ^aSj LaAiP .Lviil 

o' alail i ajco-Ji A^i o ■ ,/>j LaAlP#j Aj y*-j> Jj>- j 

Aj' Aj ^Ls a-La L^ajJ ^1 jL*J' (I)' C®ali' (J O^aP L^l ^J 

.ojIj p-ijj^ 'y oijji 

IzJiS o' Aju ?alji' ( jA (jjOril (J-jjJl oJL>-' (_£Aj' La 

L ^ I ^ >r .~I (JJ -A.Q-P t J-Ldj' (Jp Co^lll a' j-a*^' 0 ^JLaJ' 

£~» Oilk'j lAjAj>- ^ (jAsJU*- (JJj (JJ oJ ( _ s ^>- Aif jii (J 

'g .~Ai A-uk5Dl Lj jjti (J^L*J La (_£l c jL*Jl ^A A-J»SLa oLa? j>J (jJJ j' 

tjLiJ' (JLa (JJ A*^kJi < jJlj jCjj aLul O-jalal ( _jl!' 

* 

jj^a NAj Aiji 4(jUij! j*^»«JjJ' l#AjAja C l .„l„»,"..a' 

- ' ' .6 
. i(Aj“}Lo^- oLx~*J' ^LS\j N IjclsLa i a iJA*j® u_.J> Oj^ o' 

^jA i a'^A' ^ y3*xt.} J a ... 1 , 1, 1 1 ' . Ai.li.a aJ Li aJ^^~ L .* 

(_£j-^i-' a'jjt! (jiiaj OL£i (JojJl (Ji^>-I Lai cOjjN' Uist 


a'jjll (Jj5va A ; jjljj'y J-A2# •Ail .AjA>- 

p. ^ 

Aj )^jA a'j^-1 aJJjJ (ju 'iAj£ A-jj'jiN ^1*^1 t5j 

^jLJJ o' o-j'j ojj'Vl ^y> 'a j :>- Oyyj'j uy^'j l5 

!(Jjia 'JLfc (Jj .^5JJ!j J«JL>*l]l AjJ ^(_^iL*J' a-I^AI ^£2 jLm2>- 

(J aJJ Ur ^Jl {jA j»-^JJ® 
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V l jl jJsj I 

. 6J}Lp| JJl£ 

^. «>- d/// 4j^ ^p a*jj!I^S 

LoJLIp .iJL-fc ^ 

A • ^ iM fc^l (^JJ!) ^j^J-l f-l^il Ou SpI« j 

.(«il>.)) iJUjJ| j Oxy ^S1j (_j ojj-J 

Jl *3 .,.,1|W J L^I LlC* *• A Jl ~^*’ - 1 [ ^ — J ' ^ y * d » J 1 ^J l It |/2 1 I _j‘'^' ^ 3 I 1 

•U^r jJUJ! j-f$ 4 c3Ij^ !> "'^I J j * jt i ^j^l tj^ Jr-?*--*5^1 
jj ^ Q L l " -i l* 1 I C-1 jjii \ ^ . *J' Up ^Ul jlk jlS - ^JUI jliJl Ul 
^^>uiil J L Jl_^>-Nl f-lUl l jr±>c ~~£')}I .sLAl ^JU 

.0(jlii <jNl Lo lI-.,?- (_jLjJI 
«bl j^^JLi kjjl^LLwJ lJjs 

(_|^~Jy> OlS - .OjJ^XJl U^L)I J (J- ^ - J ' 4-»~ UJ 

(-1 ^Al Jc- ojljiN Jl £-* c-LlUl JjJj *Ai 

JJ JlS JlwU (_£ju^~Jl (_j')l J - •/} 11 i)\S J U_J^A*^Ul 

<* 

ij\J&j CJjJl Jljis t>Ui JLflJ lUl «s- <ui LUa>- 4-jjljiN 

.(_Jjj 9>!>UI ^ JL>- *1_^5 (Jl 

<^» ij ey> JjN C—U>J^ (^1 lcS-r > “ J~* (Jj 

jJ jjj (Carl Djerassi) ^1 j^- JjlS^ U® jldL^-S’ J^Uo c 2001 
^.felpJc^l Jiij iitAJl p-JJlUI (Roald Hoffmann) jji 

Atf ^jjJjjJl : - 1 " 1 <1 ^y "‘"‘** iJ l ***. 3 1 L 11a 
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jJJ L jl*Jl ^yS. lixl^l ^jA JjI 4_L*t 0\S ■ ^L J LA -1 K-A .tt^ll 
^AJl ^Jl j-& 4-jjI^JL> {j* <J^t 

•J*rj L» iijalj ^ 

pLaj ^*pi I ^ J! Uil ojlyN 

j^j^jjJl) ojU.1 a^«a j^iCj JpLL (_^l JUx3 .<dx5Gl 

^ d^Jb^J M a^Jl ^ t (^ill *1jAI cJ*ULil 

<»j^Jail 1)1 ^|>-Jb 4t~&> jlJL2lU i^-Jp 

<_jL-^i-l LU- (jjl_ji d)l Jb N !(^ul j*&}\ eL>- Jjpb ^ jl i^>-'^1 

.^UjJI j 

> 

yj Ij 4 -u ) l^j'if djd^ (*—’1® I -) g »; L» d)lj| 11794 iL»i jj 

(Jp 1 jJ^"j aJjJlJI oIjL*-*j (,jj^>-T lI! fcdjT (_$jLo 

JjL« (_J 4 ■. ■ »■>- 4 ./V. ii ( ~,.. ./3„) jJ OjIS - (^.~>- Sjjlll (l)lj-~a 4 j jp 

oli L felp c5j^ (_/J' 4. ^3‘ . U 4 jI^« 

L>-jJji^xU ^>-1 (JliLo i3La 015 t43^>j«Jl oLoJinJI ya *yJO 

4 i ■ /-3 dl 1 y&J ^yi 4 . — .mJ jjL) I 

4-j )l1)1 jSjjj e Jit JLj» CJJO^I ^P JjIwUJ »Wa£ 4 ^>j 
iLvajL*JJ ^Jji 1)^ JLSj .5 j &~I 4j j£- 4»IJLpI (—jj 

^Ijlp^/I ^JjLwxj SOj-Li 4l.,.*ij UjLipL L-j jt 

.^sVl 4,4..,4.>- i iL.t.'S')! 4_^5jaJI OjL>- ji t|ll Ij jji lj yA 

J& «~«i (_i jiO-^-A t4ip- 41 ,/jal I JL>»j 4^jjt(1)1 If* 
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■UjtjiV jlJj] jljJsjf 

^a. s£ 4 J JLpLwi i j-LA-I <jv (wii jlS’j .oljil {j* J.AP 
Uli yj Lg^J 14. J L a > - ^P 4.,iflflil ej^ jJjJ .4.J-P olijl? 

.Ajjjt4 Jl*j5j ol L* 
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mrttl 


r- 1 J ) nl^S 



jf:}> 


a JjL>»Jl (JJ&-\ (_$ j£ jAj *■ ^il d)l ‘~i *j')l 

. AJL JLiSvjj filjj (jl (_j i^Pjj lo (_a.> t lS'lj (_£lj *Ll 

ipJiJl ^yx CJ15 U«Lp ^ILp I (wi-^aZU (J 

Lo (_ j.yg j j (jjnJ (j <-5Ui! a-jo^jLI ^Lol jilp t—isj te jSL-Jl 

!_jaL>^ L)l (_^j (^JJl t jw OjjLL < c .. a .» * 


Lr^d^J 



<1)1^ <j^JUl ^ylJLia (1)1 j td)bil>«^ <1)^JJl 

Robert) i * 1 j ‘■— 

* 

isU^-l j Ipj (—>jlji-l y> ijc^> e-lJyji ilipl -U (Symmer 

^i-•/*)l .P’LlLJI j_j ^-4-ti 

j*j ^(jwa-jl ix^jij^ uy.jj^ W 8 ^ iS-^jiJ ir^?y^ 

<jl k_-Ijijji-! <ij_LJ f-Ljl (_^lj jij j(j tail Jbo 

LaJlIpj toLyixil oL^JLil Jj»jaj jL-.-17J jUiaiiaJ <^jull>ci.l 

j —^jLi-1 »_i j ^JLaJL jl^> (_^-Ul ~y*T* <1)^" 

.oljJ If L?xjC« sJjuLo 

> 

^IJb^xL. iii^Jl cJLft i£jf~ L«Jt)»P® \(SjJ 
• • t ' . • t ■ T 

^ m ‘^ ^/uAji J ) ***! 

* w 

t.Lj-LJiw» il)l>j^i-l ^L*|2>~ i!a>- 

^ .,)^ f. a ^ 4jc 4 Ld-ll^ 

. ((5jc1I 

(j ijl.^1 < >i- >J >*~Jl (J y^ajJl SJjS tilta (1)1^ 

jl jl Ijlsu fritO jIS^ lit l« JIjl^- Jif 

Benjamin) ,jU5ol jb j^Slj 1^ «<uJaJ t5 i>- 

UjjsIj («(j\-5LQj)> ...Q pjjJ-nJl (j yi> jl*Ji 0^ .(Franklin 

* **' 
jil a^Lw^J! p-L)*xJ^j o»>^>*p 

•* ^ 

o(ioL^liJN lLUjJ ©^/uS^ ©jlj^ c^ljS^ 
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(jL*Jl*r 

♦ J1 ^j-dL— O ^Lv^JLs^ V_->L>“ 

(^?jbJl ^ A*d) ktjjj>- JL>*j <3 j 

JJ~& i la-^- j_j^l A.-fe . 11 1 illAlS" A~ulj (J-*^ <jl t^Ll^eb 

(Ow 1 $JLpIj iiLi Sij^l jj j a 4~' tlr 4 •0^'*d'^^ 

.t_JLJL L->^11 ijl ■ s*~\ ij\ ,^m.j *!l! aJLuJj I g ■ ■ L->- i_->j^'--J 

* * p 
OjI^ Li . i IuJj OJb e- L)J^^l jl j*P jJt J& 

aIp^J l IJla iwiJju -Up . ejjjli (3 A>-jJl> ^<du* 

yjffffj ^jcL^aXe 4-jJjJ.I (_JjL 5 jJl ^jCa la a i £jUUj J^Ull ^ 

A—jlp -U»-| t ^P A>JL—l) ** - .» j L . — -^ t t { ^ 15^3-1 I 

.jj^CLJl aJIjI Jbtj aL^Ij o J*i I i_JlA-l jJp <u?- j>»j 

" » , 

jjd Sjjjli ^yO—il ^yjljull l-_ai^ll iJlA |J-*l L»i 

. cr JLi'ill apjJL a~JI jl£a (Leyden jar) 

p w 

(_$l^il 0 jJL5j e-j^LJl olS" JLsMj A»«j^>*lil AiLJbM cJaJU>-l 

(jolxll f-Lfl-i (_j IjjjIP A-—- * j (3^^1 ^jP oUj^Jl (j 

<J.1jc»j Apl^xjjl ^wJl |» g«« l xX^ 
^jp aJj^— a l^i| ^lj_j t^ll (3 *1* j4&\ <L)L> .-.j jj 

LsAiU! aJIjJIj e-lj-iJl ^sU» ol*i (j-p_j ... A.L/j«Jl aS3J»-I 
L«JLp «oUI jj-l a1-»....j aJ| (JLaj# (^-Ul *■ j-*aJlj eLi-lj 

a>-j^NI JI IaJuI Jiff t-j Jffj 

(* 

. #Aj^l*Jl yS- oL-Lil L^>j ■ *••*- A,'.. nil 
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Lf-’j* j^j y? o-?-> 

* * * 9- •— 

^y> y* filjjUl *.. ^ c)) ol Oj lT^-9 

£-y>- i^IaJl* SoJla oils’ JjLJ .ijL^>-'yLi <J 

~ yt r ^ i_JjlJJU t^JJi (J L$li» —^UajJlj i^jU^pVI 

.c-L^gSUl ^ ojjjJl jJjIS O^L^mJl) 
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J j JL Jl {jA *CSL-» jJ jA 

j-UJ jjjl j3 i jA ^UjN (jsiSvjIji jj 


c_dLiiS1 J-*j l 1786 j^«t lI^L^wo! 

AAv^Il^ j^aJI ^jA ^JUI j JtjJI jL**» 40 j& 

<» 

^ai oli(_$JL3-I L^?o> (Luigi Galvani) jliJU- ji 

_L«_J 43LsJ LjjiJj (J V 1 ^a)L 

-jU-Vl Lr' 1 <3 ^35" lc^ - “''"*- 4 Jl>-jIj 


95 






^ip jl4 J-4^rI 

^jJLll JlP SJ j*/2Aa C-jl5“ iijJaJL® 

. *w* l p N1 

<P j^Aja AIllp ^LjJl>- j 4_£^- ... 1 1 ^oJ^- 

(J^3 oJUa Ji jlS” ^JUca L^P IfL?jlJ iljli? jjp jJl 

La^j (jOL^-^Jl v^^sl^J 4 jU_p j AjLvpIp jlaZ>l (.<u^lj ^ j* -~ * - a 

* 

. Jbj-iil JuPjJl ^*^0 tils' i»L>ti^l oh/bd^T 


TABLE II 



4J>“Jjlsl 0J.(_$_/Jl ^jS' 4^*Ul 4.1 ,rtn ll oLv2>Li)NI 

t( 4.1 ,,a » H aS j^-\ pLj^SvJI ^foU ^y-i® 

<* - * 

iaJu>j«^> <_j <LULf Ijljl (^.'....Jl jA 4i (jLiJU>- d)lS 

ojjjli jl jJj^o jj^o LjI s-L^jA i.,a\\ <—jUopI 

(jl J> al^>-t ^.Ul ^.^. n -ll aJ «AS"I Jij .(j^J 
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wMjjJl iji^- fl ^ • .. la 11)) *L> 

Si j\u iS j£- cilS* l ftI)) pL^ 531 4>ci 

J^ji5 .La jui j Sj ^Li!L>- j Sj iiLjb clots' 

l - p jlpL fc.sfc<o ! ^ j »v»L o 1 iS'i coif- Vi— i11 ^ 

toL j ipL~a <U3 OJj>“I ^jJl <C*i C-^ ji\ ^3 ^ 

, e- ,, * *> 

oiliT iSlCA ^1 .Oji^ Sjltil jj^j 4Co Lu^S 

L-Aiu l.t yj.ail <jl J^A-| (_^"J yiil ijl J-J-l (J,l 

<»» 

oJla ^p (_jliJL>- iwi^P Jiij c^.~...t:IL Llva* oLS' jJ \^ 

.^jui-l tiU.5 JLo ejJfcllaJl 


TABLE! 



y&rjj 
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Ojliiul 3 jii ye- 4£uU 4jl>tI«uNl j! tJ-.j I tAjljJl y 

^Jp la» ,j> t ( Ju-*Jl ye jJ ^i! t_43 y ya ASk jl Jju . ^.pAl ya 
j£ ii! y>~ SJilj Cj^UAaJI O lias lOJuu AjJI»j u.. y 3 x.ll 

.J^jL jjVI IJla jl ^yey 4 J I Jus tL&LJ 4Ju>- 
U^ualJl N tAjJj-li-1 Ailjltu'ill jl (_£ y>-\ Cjj$>\ 

(j t Jt >-j 4l£J . jl*4Alj jtb-j^l Jj«^j ®jl_/~-H -Ja 3 lij 
jlp j£j N Lajl ^-jull jl t jlu^-'bfl ( y^ju 

SljNl uX~uj Ujup ujJL^- ujISIa>-NI oJLfc jl (_jliiL>- .ilj.il la 
j>u ^Jj*3 .Aj-LII jl ^Lij<Jl (j—i jji ^-olaull 

t4~j>jiJl oJuh jLl>-'il . Jjull! -Ij ,j-* Uj>- 4~“AJ t_aj>til IJb tlo 

JJu>- iljUall jjp La^jiui iJJbtil iiljla~>iSlI jUJU- £-j>j 
.ill^p- *Aj Jp-^11 C>Uaa tJkljil jtal u. ../a» 11 CjlS 

*__ v3,«.!l lils -ujI jJjll (jlail?- Juulul tojlx»«j ojJa>- 

ojlti>jJJ»- jlS^ to y^ai iilj.ia..*l ^ *Vjb (Ji^ 3 (jJLna til Lu 
jlS^ ta^lJl »i ^ualj t_ASjil I JLi . jlva.A~Ji jJp-jll o-Lj*j 

Laj^jIJ o-l)ti-iJL^- jl ^j^^-Ll j- 4 jl jj^o jjijAj •'•IjIj'JI 
laJJp i„..<ar.i jLuVl AJij ^Jp OjUI j* Jill jl5 ti~p- tJl*j ye 
j*iil y t--..~> Jlljil yjAu jlSj .41a 4 j jio t3_/J UXuIAj 
^juil tiXuLo £* ..sa.t t®^jL ^^^Jl La J-&J ta-l y 

A ... A i ^^Ici ^~*^l) La ^1 jJS iiljLaJ 4 ..,^Ai ^u^a.llj 
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u ji-\ a-^i cIjJls- L> Oj£j l)I ^jLaJl>- JL j&>- 

SJ y£j* 4»'.la..<aa e-L^53 i_,>o ^-JLivaJl jl5 li j .tiUi 

■•jLrJl <> a 11 "' jNl SJ-i >*_43^u (jl ^gk^S tf-l^Al (_j 
jlj ^-JjL^aJ jJlJ! £U*Jl» tliJ^co Ulk^- (jLilb>- ( J«*3jl 

cSjjLila oiiL^ j^Sj ciiL-Jl {jA «t*Ja i L_iUaii-L> 

* 

ij .L»^5 150 jJ_^ilj ^JuL^Jl (ju iiL-il cJUpj l ^>- 

_ » « 

<jJ3>-^Jl laJLP ( _ # ^>- i j>-\ C-3j JjuJI 

iC-’l^r'—I oJlA Ot I ^ jAj 0 j3^>~ (j _jl l-ijJ.l./ai ijl^lxwul 

jAj coJjjjtlL; oJli>j jUJU- jtsP l» (\,\ jk JLj c“A*J 
Uj jJl <J jJl c....,.) 5J*S/1 f-[jj^i\ d)i 

c5 j~^J C5*t^ Kol*Li4-Jo 4-J-o jl 

.c^UoP^II J^l>- 


La (_£jJ i—»^»JL! £"Jls£ ol jJ^Jt jj^a j»-l*J (jLiU-f- 

<Jj .AJ'Jj Jb J^:*- »-Jjiaj «i>-l J*J 4 t5ji ji «AjjJ 
jj-l tj^-il oJl*j i_jj^j <J < *-^ >jrf" •k JtJ J jy*Z~A 

oJina olilla>u L^iipj ejjiAl 4p^LAvi! -jA jujljJI (jliiU- 


(3^ a^il oAa iiliA ^ -AISy«i> (j 

.<3JJj ^ j*PjJ! > e.. A^i l J^jNl tlj,^pi jiki 

ia-Ljj^^Jl j ' ■ ^ a 0 ^-a 1I j^. o i jUJU- 1 
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jl ((jjJjljjJlj t-jUai-l) l»b>-lj '^ay> 1)*^ 

l->^ ll ( j^P ._ 1LJI J»L*jI >_.Ha'2 ^yliJ l^>- e-LJL jI__j iOi3 

<.- .. o -y a^ jlS" 1^1 .O^J 6jjjli (J ^ l f j^y*a 

f ^l,| i M ". 1...tl)) 4 j^JL-| frljtjl _y^ aJLapI 

<< p 

ejUai-l o*)L L«JLp i>-jL>- ^oJUj If-lj tL« ii^iu ((C-aS^I jjj 
iljl jlaJU- jJl dUi i-iUtf C-Jl? 

iJlA iljul«<il 

jAll *_9LLaii-1 ‘ya aJLLp a Ip JjLs rffr 4 jJLj ^JLaJL>- la AT 11 

L t^i ^jJUwvts ( _ r ~<JiJ (J’f ^ cJl£ lL->- 

tA.-a j £«*)Ul ^la...ll Lj- ,j~ij i$ js*S/l e “^ (3 0 -Aj*/> AjJaA; 

LoJlIp <««ij f-^^\ t^jJL?-j .f-JU^aJl iw«j jj e yljJl C«.lo."5^li 

(_^JL>-|j »_jUail-l J5 <jlS^ 4PJl>- ^JjivaJL cLl~~»l 
^ * 

Ijili <Ja>JL]l (J# .ULij Llw« ^la ...U ( J-^’jil ^y«.AS 

C-»i Cj^KJoS' C-./j-A.il t^la.-ll ^»3jiJl lg-3 C- ~J< 

O. . /j . tf i l Jl bjjt jJl cJjj Ujlpj .«UIp Jj>- jJt 

O J-ii { ~-’~U <«—^ ulS" t.L>Jl>- ^^y> 

y~>- f-U jqS jfS- l-iA Oj£j jl (_£k . AiSlk 

<>-j ji?l (_J L$J| (_s^^ 1791 Cwi ^IaJI>- j^j 

De Viribus) ((aJuajJI aS - yi-\ <Jp *1^501 ^d)l j^*-> 

Jj\ ^(Electricitatis in Motu Musculari Commentarius 
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jLdlsr^jJ 

^ w f. 

Ip y f-jaJj jjla£ v*■ ■•»- t j-lJ iijjjls 4*jLi e «,tall 4j_siLP jl 

^bJl 4 jjI^ <1)1 Ji*jj .Ajj^awJI pL^^JI ^ l* 

^JLJl SJjlj pL jl t^^JL 4..,-. a . 1 tiiJj 

> . * 

jj — isjJadil k_is!^il (Jl>- j — jl ^j»«-L*bl (_j L—» j 

t4i^>“ (Jb£ j^* frj b 4 -La^J . 4^-P31 Li^b^dJl 

■iljJcL-ul tJjVjJlj JjJl (j^j bo ii^Ap ijs^j «_)\ c ^>—l jlsls 
J^oLi (1)15" Ail .Kloboj^iJl oJlA !jl>- b^po ^^]® ijlsls 
^1 ^jl Ji" <J i«JLj> c-JlS" jl Ls ^»jj oli ^ g , fld« > (jl j 

jljilj ^jJl (jljjjb lj-3® l(JjJL iJLfc (_jj ti^jjJl (_djlbjJl 

^>-1 (_3 (j^^d b ^^-ob bpbiVl oAgS i.bjb>-S/l 

. k^I jjill osj ~t> jil bJ ^-b L»op 

JL?-I ^(Alessandro Volta) bJ ji jjAlbJl c_~»*p 4 tiljJl j 

aj-fc jl UJL*j» t^jljiJb*- ol.llSb tbjjjl (j jwbI 
j*j t#4lbll (jilii-l j^j® ijjl^j^-l pLj^^JI i_Jjl>»Jl 

p» <4 

.1 y<alP I y^OP Js^Jt *dj-b blSjaj i*<iL5o 

<4 / ^ 

Jaj^JLi 0 (j~i Jjl>-j jblS’ IpJuLvS 4lj^»tlS 111^s jlsC-l 
^jjaII jjlpl t^lli«j jl ijJjtP 4 . L o. « j il>-j y^-J jA*il yA 
obaJjbJlj obpbiiVl® 4>oJl cJlSls tjw^lil (J Jio J**m3 yJ 
y£i ^ jjUi ^SU t jLLSU- I^ip Ojl^- l _jiJl ((L^aJ oULpjJIj 

. jjb«J.I yA (jvAll^- yS> y ^A>0*>l IsJ VI 
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t ^y>ji'b (JjjjCXi! jLi Lfcl J?r\ ^^Jl Ajjl^ ci (_jLijL>- L)L^ 

oJL* jyS-\ Ai^J tjJLj oLjiLjLijM t •»- ((jJL*il ^jLj 

(_^jJ jlS^ tAjlJlJl .j*Jfcl jA (^P aLlij/l t_8 j~Ai^ AjjjIj <LajJl*il 
jp oi>^i jjuJl*ll AjLJ^j jl ( _p<2^al tA —mJU JJJ llJ ji 

caJUiSLII 0 jj(jJ! J^L>- ^axJ (_^*j ^'XLsiiJl aL j^S oIj j-•* L« j>%j 

* > » . » 

. Liji ^l 5 l 6 j &-J JLiJCP a^$LJ 


,jv$wlLo Aj jl *—W^P J^P LJIwA-L^ jl JL«j 

tA.^all ^ j^-Sflj jJ-JuaaJI Lo*X>-l £joiL>*j A-Jil ,j\jLaj 

* 

tX>|jb»-^i) ajjljJl Aa jLpj AjaJ- . ^,'..1 a^>*3 LSjlj 

c-a^J^ ii«il Aa^L%« o ^ia ■ ^ «Xo ^1 »«l l iju 

.jAv^'yi ^UxJij jjJUaaJi ^»ijl>*xwjIj ^jLc 1 jji ^oi . ji j^~ 1 

jl aJlaU- aJls4»j J j£- ,_p»J jJl L)l LJji JL>-I 

L«XPj AsUall jJusO* jA ^Jj tAjlj-i-l aLi^g^Jl <_ 5 * ; *’ 

A^muL-s^-I JuXi iljlfr ^.ijpo AjlittJ t^XtMaJl 

* 

. jJL*il A*jLj a.Li^g^jl (_jAj LjX»" AjsJLX^o a jAU» 5j2*-j ^jp (JjU 

•> * 

.. .Ailju^Uj j_jLaiL>- Aj^iaj)) : jLjlS Aj^Laj X»-l lli^a i_x5^ Jaj 


. ® jL^i j/L aJ l^o aJU 5L ^ /?’ 1 j t <X>- ^1 aJaNI oJlas 

jlS" t^ia aUaP ^Jp (jLaJL>- £-JjLj> iwjj Ujup 

LiX^o bd^j ^l:::.<il jlS" .a-jLj^^JI oL«jUaU ^j-L!^ 

<■ . X 

^a.'.i 1^^ taL-iVl ^l_j jA IJLa jl5 liU® :Lwli jlS U jJUL 


102 



4j j\jf- jJfcUaJ! l ^~•*' J (jLiJL?- I^aPwIj ' A»j|^ji-1 ff-L)I 

(('iaSjJI SJb-Li 


oliUa>- ^ aJ| ^>> 1 *4? . ^ JlaoJl (J(_JI (_jlxll>- L*> 

*y JuJb>- 3 ^ ^ola ./all (J-Tjl A^^I>cj 

iijljf i*Ejllj ilsl 5. ■•>- td)Jl*il ^3^i ‘J3 


^A qJ j 31 jIp . Aj-Xj*X^- 0-jlilIa>- ^1 JL>bMAfl J-Lp 

iwW^PJ aIvOP ol>J-Ul tljl-b>-| p-jljji 0 jijlitoj 

J^JLj (jOajllal^ d)Jjc« ^1*1 OA) -b>-l j (1)1 ij 

If 

IgXSU tiiiUa^o jJLJ Ji (JJuiLl Aj«Jsui3 .AjLa-L I^aI>- U jS 1)15 
d)l Lf^Llti i 'ya ili^PxJLa j£* djls^ts'-l jl l_5l^P (_ 

. f-'il jj3> 


a5o> aJ^p CjULo Ij 31 o^-jLaJlA-l ilp l-lf^Aj 
t(_yaJl>- f-jk ^U-j *{*J 3 * u-"-^ Us* ‘—^^d 

^S"jJLlI ^ILytfiP 3 ^j-^ 13 a ^rla«** 3 p 1 3**^33 

~> ► * 

(-■ .,<a»Jl (_S*^" IjJjjlj <.{£jjy~- Ja->- 3^0 Jjia 

,oL>tS A 1 .,<a »11 ‘"■■X dT.U tJ^jjJl 

(.aJLauJI C-5yi- ISU .i^-JI ^ j-iJl , 1)1 (Jp Uji Jv?l 
A>«i>- 1)15 Ij^Aj .(l)Jj*i! 3 Cjli^ls-I i]llA 1)15 AjI Jj *Ai 

. Ia■) ...(] Aj^jta 

1)15 iL^Jb»-*y «>■■—..JLi .JjJLw* 3dj^ (31 31 ^a- jJl wLaJ 
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yjj}\ *Ij j^^i! s« 1 a lS _/•“■'J f-L-U ^j ^JLiL^iJl 

frLailfc f£j~~jj *L»A-Sjj c __^*'_j-2-i^ (jl^ i.4. - .. ’ .. l b j 

^JUyaJl (JtA>- 


tey|jJ! ya (jjjJ.1 ^L«—1.^1 d^jliili-l ^Lal -L>-jll .1^111 (jl? 
yj ^iJl L$^jj O y* 4«la5 jl (juj>iil -L>-l C—j! 

jl ^jSbaj IjUT 4xli>iil oljlill Sji ( _ >~ ' .. i oil IS\ c JLs^ .late 

J^al «?4jjijiJl 4»..,laJl y ^ ^»L~l>-I LgJ-i£ 

4>l$Jl (_J <J^j_^U l d)l L " - -* 1 4 j^> ajdl ailfc d)l bi^3 

.4lL/»j^a OiL» Jjb 

0 y*Aj ioLilLi-l 4jl>t)L»'yi 0 a1.A>*| y>-\ jI 

(J j ■ s* al' d)|^ji-| ( . .(j&j 4jJU ^*A>-b ^0 4 .*a j II 4,1 *^ > P (_^j—1 
<Jjill ^Jj tjAfljj JaO t^JjivaJl (j-^l 1(-1S^ .(_$__p-*ilb 

Q^~J ol_pui]l8 1)1 t _ J Aj 43*wsij 4>tO)JI OA> -^y* C.- l flJ 4 jJ 

, ((isialp Aj jXm oy (JJJlLC *S j^Jll (_£ jill 

Jlx-j^jjI C(jyl-I i»lUi y^~ l^bij jiS^ill l^l IJj ^jiJl 4 j^>»i]I (jj 
^^plil ^JujyaJI 4 ^L*-»j LalSCa tboLf 4^>-jlii-| O^L^S^il (_}LaJl>- 


Jail JjJ I ^1 d^j ^«iL*a (_^jd 0, ^C J 

.^^ji]l 4-^*3j I g - a (JQ^>) «,<9$ 4^|>- *>3 44 ^>*a 1I 41 «,<3 * ll^ 

? 4>»aj (jlj-^-l y> N J frbj-j^l OaU' ^jdl (j^* 
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jUJbr^jJ 

0 * ^ „ 

L<JL>r.~,.».a ll! ji c^.-aj lallj (_^liJb>- oL Jl 5 j aj')l I 

i Jbi-I yt eJL* OJlS” Lo lij lajLJ ^Jp Ofl> 
d_- 1 J IgJUSlj (l)l^i-L A^p L>- 4 jL*ii-l (_j f-LiaJuk cJlS - lilj 

JU_jl ^ 1 j li |^3 4 A*j> jaP 

IdIjj <JjJL^j .jl5"Ij ^J_S\j 8_/VJ*J <jl (jU 

Jj ttwJ^---* 3 .*]lj aJL<i*Jl (_^l jJal, 

jJl .« <Ljliil ^ ,a ja LajL»IpL> 

toJ lp-I j <L>wJli jUp\ ^UxIj ^1 \+JaAi ^1 4,1 a/ 2 *,) l -'•’•'I 
. 4 ...»^ 4 ^iJ| e-LillJL )1 < 1)15 L« tx^Uj <CjLdl ^11 < 1)1 



0^)Ls< 3Uj^ 


^-4 illiA <1)15 t4-5jLuJl ^jLa1L>- ^ 

t yup\ oliUaa*-j tidJuco yi) 
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4>-jjJl ^4 ^*0 4-1 j y*/30a Mm^ (4 +*Jl& JJj^lls^ 4»Jap| j 

C- ^ P 

1^ — jl 4 JLL -4 sljia iijj L*^l ^.^JjL^JI j^j 4-JliJl 

* * O 

cLLLJ jfi A^hj) <JuxP 4^1a^ UL.J .tfi U^-Ij 

s-J jl>*lJl Ul .*l>J JlL> jl t4I^ 4»***L>j 4 jc1*9j 

> 

ji«..>- cl ^***ju aJ ji ^ "ILj <ij 3 -X as <a>-!^ o<Aj<-4 aJL^jlJlII 

O 0 f, •» 

A>-j_Ul ^*0JA j^J U* J-i (3j*^l A>-jjJl -V^-l J ja 

* t. * t 

L ajS n\~A 1 jl l_^0-l J-I'-SU-IJ .aI.^hJIj v_«„/a.xj| L^J Ujldl 
^Vf *)U .£Jui+0J _lj U*j A^jliJl 4j*-jJlll ^jA (ju Jb JA { jA 

.cj^U>*l iJLi-ft Lc j - /? & jS' ^1 aj iZj^k^? ^ll 

L^bdSj tA..,.,<3.a i«i»jIS jdU - jJl IdS - jl i-j10*^1 l»l 

■ <UjIj A)tiLU Oldl 

ja oI^Up «jU ; JL>-1 jLLs .IdjU ajIjJI (_j 

oJj-Ij tdijyll y>-^/l l^itvajj ^UsJl ^ 

oIjpUoj Lg-~o j (juJjiLl ij/u k_>jbdl ^u« ^y-^l (3y® 

aJI j]j t^y**!* aU (J l$~~<kP (J-— ^jdl <_£jiil (3 jjJI (j^ ^JjjU 
Aj»JUA> A~Uj ^J_U2 j jl cdla*.-N tiJLS A>-jJj LJLp ^ISjjJl <J j '^" 

p. g. ^ f, 

jl tjJ J.*/3Jl}\j a^aaJI jl Uajl AjI^oL jlS J .Ajjjl>- 

( _yJdl A ILL jy^ji-C c3j^^ j w LJLaaj 

. jjjill ^oLlj j^jL)jJauaj L>c 4 jjajj^°J 

> 

1800 4J^>« ^JLil 4i>tj jltijjUaJl J-SJ 
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* " 

2 0 J I £"tj ^ ^ *^J 1 d 9 : *& J 5 ’ a* L>wai« 

On the Electricity Excited hy the ) «iil^i. ^1 jil ^ J- 4 ■slj- 4 

jl .Mere Contact of Conducting Substances of Different Kinds 

. * \z}ji °y >)) <J j U Nl (jUJU- 







L5 ip ^ j^4 j ^ 

Aj apjj j JJL^j d-olS* 4 jjI^ ^ tills*-1^- ^l/“^ 

^p AJLjJaJL^ ap^LLs^ ^>-1 tpiAiy? jlpI 

t* 

jjLi)lj>- oi^" .IjjLi ilr-W"jJl lil^l (j—ijJl v—■ v3aJ' <1)_^j ^>«j 

- . < » » 

.iiiLJl O(_j <JlsA*Jlj <_..^a«JI (jy I^Jt>L* L«Lc OjJL>-I Ji 

' t ( 
L-oaP Ojis tjow? >-"'i^ ^>l0>tlo<L>j to^ll oJla Lai 

t^Lil tiijJL>- c^jtiUaia ^jJU«3j» (_jl tj>-L 

aaIuij (jWl ‘ .. ^»«H ysj_ yCj ISJ ji La jAj 

^ ,l*am')1 I ^jJI La* !(jLt!l>- (JoL^j .^•l>~jJl 

tjv tiol>- ol idjUi j iols^Lii'yi oJ la on) o^I aj 

*• 

Ajjt-lJl ojlA OjJL>- La* lljlS^a 4- o Lj Sjj 9?L^JL>-j jjt^sfijJl 
.(fjl^ji-l j 4j^la3 <LjL)^5^ o^jli (J-*-'!' "VJ 

ol ^ ^^1 (Jp -<_$^Vl L^lo>-l JJLSj cJl£ 

„ f- ^ - * p 

4jlJl>- J^>- (jLaj^- Lois' — Lal»C iJlA tjwJ cnL?"jJI (j- 4 L>l 
4V.la./a^a 4,..«..Jg OoLSI alto L^SLII ^jA oL)^S\Jl .S-L?-lj 

4jLj^S* cjdj^ 9 ®lji OlS - La ol lli^S ijjJb ji .4 *jI J’?*’ ^1 

4ljjUaj (jl 4jl ^Jl) ^5l ■<>.S' J^lij ^jA 1^1 8i»***a^LJl 
a^ji iJ O^jfXAj -;.>L.' jjli (jljjJb»- La| t(4jJLa yl *Sy- j.l./J.a 

,4^>-jJjJl a-L(j AJoa-^Iaj t_a i x ^ 
La J : ./?Ui Oyy -jJol J-3 <0 >’I^mu>i 
Ol t-fl. jS ’ eiLLaj tLJji ^ ya±y£j' tS’S'jup jj (jliJl>- 4^>«i 
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jUJbr 

^15” ^1 jj 'Sr^' 

uijljjj'y! »11 j (_£jJii.1 (3j_P® j_$Ju f *^aj 

»_JL*JI i £y~i ^ •{j M ki«LjJl ^it 

LaJCj^S ,4.)aU A«jL‘ totjj! 8 jii\ jjb ii«_~>-jilj 

J^>- jlJ j l £^ a ' M ^V , ‘^ 9 j J' ^sAP .li j>*Zj 

t4j_^vjl ^4jj+>- 8 ^8— «j L» iibjfc ( j ^JLa .^wajJl jLgjLl 

. 4-jLij4^ 1 SLjM l^i 
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{juoLuJI 


estate JJoU 

l ^0L5JI &9 C^L9 J jCjJUJJ 



^bljU J£oU 


(3 o ^jj\ iji 0 >> l 5 C ->\^\,\ l-bl j}ol>\ 

-LaLJLj oIpLJLj oJiUl J*Lal I^jjjj j!5 4i-^lp c-> yJ b *Lj1 
aIap jl <ui ^J_*j L5” ^iJ! c^jjil <3 i*jUT 

iUL^-l i^a PVI jI^jL <i)y>*. J La 

■ <s j>-\ ^ L pa*t ^ 

tjbljlj J£jU c-p-iijl (Margaret Reid) Jbj jb - 

AjjUaj jAj 4jJl^ ^_£*Ul jJldl ^j-^aJl iliiS !ojlJl 

f. m t. i? f 

jL-^AJ fr y*0 < J^*I 4jIj t_5j y^J CA-jUali 

.iLLL 

te-LjoSO! J<^L>%jh Jijbljli J&U - 
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(jbb jfl lS L (■ 

O^* ^ p 

o! t(Ada Lovelace) jj-JUJ bl <jl jj^JUj <^b 

a>c.^< i>L>«>- jJLa* t(Byron) jj^jL 

IgJjtP ^JAJL) I JL<k^ (jl L^-*l (*I**J^l>- -b^y ( 7 *~\ ^jA 

jljjJl C-J j\>- jL~*s>- tbLc bt>-lj ^jb»Jl 1 1 . oLyjLjJli 

c->-jjj c..-Aj jj tLf- tLLw«l j-./ a-Li l^o.L^ jl>-I ^0 

C .» o 

jJjLb' obj .e-| tf ijJl oi-A* ijbJ jb-j 

w >* 

S^>-L-» -Jj tlfiy>j ^ lA?-t j (Charles Babbage) ^JuL 

4^1 j bl Ojb. { _yjjC-to 1^ —4i c...».,»Ul. w^lij j/1 

J ? bJtl 1 ( '^^LaJill 5iLi j»_ljb tSJbJb^-1 jbbj/li 

(J 11844 4Jw»l (Jj jl^A-l J^li) (__<L~J-*>J 

^ iL»ljiL Jjp ii!Ap c~obl iU^ bJl j o>WI 
b-((Michael Faraday) (jjbljls JSuU 1 ^^JUoJ o'j^r 

.((aJLw«^-! AjJu^ L> ij(jl 4~lp 


\a^S' 4^"1j/Ij5^* Lu ^jdl < 14 -,1a 11 o^S'L*! 

ILujJj bj ^<j"Sn 0 ■(_) 

. | » JLwj l s _jb oilp^lj dJLiUo 

lg » ,«^>l 1 jjj** (J^j -^Uap j_jA ^ l ., a p (j^ 


• *• L,J 1 ^ a d ^ *' .... i 1 t. 1 I t 7*0 


-r^ 1 


• ididl olyj c j.1 A_^vi ^ai" (^i (phrenology (1) 
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(jbljliJ&b 



( _ r _Lil bl (^gjL-JLH 


(Jjls - Lo tojJbM ^y> j*j d)l (— ^y> 

£L> ob 1 &•(- c~>jfS* 4jojdl UJL- 4 JL 0 

4* * y 0 _ 

clljjj (jlSj U1 >\j illjjl j^*JI ^y> 

p f ^ ^ •• > 1 

aJ|^pI p Il - ^ o Lat li.•i'^^ IjLfil o'b/l Ur ^UcJl 

s-ljj^SUl ijy t'wJajJl 

^S2,o 1 <jl <\,\ 4jtSi ^JLi! jA bt e-l jb\ Jl*Jj . 0 Ja t -\jj OjI£* 

Ljili 4.—I?lij^bl <L*jI j <u o-Uj bJLb jjjj Jj»jI 0 jia?- 
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* * 

.(■ yja. JU LiLj j UaLjjl <Ua-J y> 

^jjl (_^IjIjU (jvilp (_^l qLoj^j obi'll CIS 

g 

Q ^ ^ 

^L^i! ^sl »iS (1)lSj ti_..iS’ jJLs£ JCp iiywta ygj 

eiliiLj (Humphry Davy) ij j*Ja*Jl 

* ^ 

d-lyT-jjl . 1-lpL-^aj l_/J 

JLlal ^idlj Ljjjl ajc« y(**•* t^yLjJ (_g^^L>c5' 

jl -L*jj .(Andre-Marie Ampere) jwd j^jU ajj-UIj Uy 
(J (Royal Institution) A-S^iil a—< j IjlpL^o (_$taljU 
(jLs^alyaJl (jLSvJ t<U.JL n Jl AIaJpj |>lg» a^-ILa <j |JL> tjJll! 
jjjUlj j ojiU ic-Lya) Wedgwood ijj aS"^JL l 

dijL>M.a A^pl'. ./all OjI^LsjlJI C A~3yjl J^jtl aS"^2L1 

Cy.llo cijLiJi AiLyilj^o j-<kp jjia olS - Lo-Upj ,jJL_j ci 
OJJ (Jt>CLil aJLU ^jC- ji"yb iljlpl O'ISAyO 

fr ** 

JwsASI (JIjJjJSJ Al*a Ayjliaj^Jl ojljj C-Jiaj tO 

tl820<tyj _^ljl ^ ^1 idiii (Jj .A_4-A>ti! (3jJaJl 

Jetvujjl ^ jjla yi j^o jllp y syu aUL oaL>- 

.(Hans Christian Oersted) 

e-lpj j~*& aJXj A-jUaJlS AjjUaj ^yg Jls JLLyijjl O^S 

uijLijj!J y ^ l aJ l (_|lyjl ^Jp L$. L .pJJJ * Oja^. yaaJ»iJ 

aJUp_^j Jjy A^yPjj (Jij^ 9 AiLL-j jlgji-l ^^Jas 
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(jb! 

<wias d -LL-J l O^Jaj ^A jl i jS^jj .ajj^ll £« (_£jljlJL 

li|j 4 t—I^iJl ol^l <J jJ| a y\ OjLil oUoll AjjUaJl 

.J^>ljl el^l <_j aOjLtl t A.& yA I O^- di 1 -JI 



•^jj’ **A 


t(_jj»WaxJl ^»A*j L^j^a-d ^e- ^taljlij L f&j3 (_JL*j l)I JL»j 

J <jl^ <_^-al C.».;>I Cj^~ l 5 4 *b ^^>^1 jl(_ii A-jA 

oUV\ (j jLd <Sj~± OhjIj^II d'l^L-Jl (jl 

oU »b*-l l j—lilj jLoUo d_jjj 

imII 


4,.,.«...,lsb. * ll ^ J*° _jJl odj»Li ii^LuJl ojkA sJUllS’ JLdJ 

t ** 

^ ■ laT . -J a ji ij^-j jA Jjfcjlll . laic iLLftJta alt j^£S\j 

~~ * __ - 

Jb*-I aj^ La jJkj) 4.^...tf.I>M.a is jLj->- j>* Nju jSija j 

liwlXll 4j Ldj ji dJJij .(^^JjljdJl e-LaljJLuJl 

^yjlJj jL$Pxj 4J«-*>J j jl O d J (_$liljli .<ud^-i)l 
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OjU ji-s- J-«*3 

+ * g, 

cJjj-b \jjq£L* ISCL. 3*?r jl ui^ 1 ^ 4*iaij (J^jJI 

* * 

£ 3 >-l JLaJ .»_jlLULx J j>- jj-U L~JgbJu jl tjj-Jabjta 

X* * 

4j jlia-J <l y3 Ajl l >- AJLtaA ^Jp 4 ^jL>J 3* 

* i» 

A^-jb ^|p dll«*.ll <wiLl <.Ld^.*.y^ 1 

.t-jiiil jS^^ j ojill 

^iojjj^fl ^^l*Jl ojljl*/? J^^-l 4P jL> v_^jl£ £*,J2 j AIISIa 

t^bJl JLiJl 1*1 . lIU 3jJl ^z*j oJ la nJb»-^II cLAJLT JCPj 

* 

^JLsAi^ ^j*xL>«-J 3 ^tfJl L»^>"4*1 p a IjLip oLSo 
xl *ASj j-^L*Jl If- ( _J^C' t^l>-jJl 

bfcLvi»l® ^Jl 5_/£Jl A^LlN 3 i ^A-xX jl t_jUa?»- (_j tj^liljls 
<.J> aj l3j Jt>-jj -L^r 3 *^ OL><l>S/I ^ N-b #<LoIp •uJaj (J 
W ^1 ^A^pIJLj^M d I? * ,N' 3 

(_} ^> r ... l l j! J - 4 ^Jl ( j^o 4jLjj 4 jLJ» LaJilp J g (_yJl 

U ta| oL^j .o^ (jx<ji L^ul?- jfzj 4>«-As<j ^L.x 

i < 

Lg.».x <.(3__p*—~ 4 l^-l^J 3 j*^ (j- 4 Uj^ *4^ A> r.Ja^ 3 

< _ * ' * S j ^ 3 ^ j^ .«.» J I (_|p ^Jl aS~j LiL I 4^JL» 


Jlji jj. -L x 3-Al l O t.< .^ 3^ 0^-S"® -tiiJS J^P 

jJ^J v—»jJLxl jAj t<(4jua^ jljl f-j^a 3 

• ^ P 

e-3 Oljlf; f-lilj ^4^-1 Ixij® -(3I—» 

x 

AjLiia 3| t-jUail 3 jiJ 3 1 _y-’ < >*~!' 
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(jbijiijCu 


.1831 




Ajbjllajj 




o 

0^^* j*S^jj 1 O^ td-^3^Jl diJ^ J j^>%j 

m ft 0 * 

^Jla* (^JuJo- ^_Ji J jp~ Ljlp l£LL* >waJ j£ (William Sturgeon) 

t* * + 

—1L—IjLjLj^ L»^4 ^„a 

Iw4jjj^>- jaH\ <.iJjyj> lIJUuu ^ljb>*i*vL .Ajj J y ^J-5jT 

«• * « * 

y JS\ Ijili lpLj^S L-JsLitJ (Joseph Henry) ^ jj> 

l» Aj jj ^bljli u_a../ill ^Ll y ^jj obj . f jH* 
ji! <LijjJ! y i_. lla< t^jujLSia tj'jb lij 

^Ja9j A^ay Olfjl 4*mi cLL»_»«j (^aJL>- (_^JbJL?- jli?| A-SUil 

<lr-*v~“J aJLLA-! ^JU*- Jb«-I J y- c_i! ^5 jj c..,« 

ft 

tj£Jl£Ji Ja-^y JjJaJ. 1 lil L Jl y l»oi 
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iiU-l 


Js- ^j\4 ys- j-^1 

^ iwJbM j_^p e-AJj tA > _ a i l <j 

*» 

,B e-iiil 4jjJ - *. 1 JJUI ^y> LoJli 



aa^ g * j ol^— 


LaJuP iiJJi £<#J C j>-lj iL* ^iLa JUaJl iillA ^ 
J^:ll jj[A^\ i »jjJj tijjUaJl ^,ia8 v— aLU 

(, 0 p 

^J-^9 U-Upj 103Ip <jl JuJ (_jllll e-Alili 

il)^ IfJj aJLij — -OjJb*- ^y> j£>j^.\ ll j£- ciijUaJl 

X* 

^bJl ~<^ij)./all ajjlol j Ulj ol> 
to AajjJaj UjJ ^jj ajilA-l JtA>- lildlilj (Jj*^ e-ail I <J 
^ g .- J ?Ljiaci~A-l i_jliljli c_a.- t . tfr i -Lai i(_jltll e_aill <_j IjLJ 

^IIp ^Jp ejiU 

e-ili-l ^Lo'bll Jl >_.. ./ii ctL j£- OiS' 

J, * " «. <■ 

j>.:,_)j t\ cj y>- Jub iitH.-il j IjLJ L-<ajl jJ^jj c_i_^>-l c iLL o 
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(jb[ jUJ£jL> 


(_ \,\ bjJ.I (J jA Iaj C4.»—JgbJca e-l) 

jAj ^5l)j^5 iJjl LliJJu j^5 

.CjIjJCi j Z * > u i^iJi APjO-l ^JLll ^Sbjl^JA 

rAii^ a 5^-1 iS”^A-l p-L j^53l ^lJ5*Co! ^jSvxkil 

1^5) ^iljJl C*^- >~a*^ ijl5 -biJ .*l>^^^1 

fr^iJl IJla ^-1 j>~\ jlL*Jl a^^« OjIS”j ;(LL>-N J ja~*» 

. Ajib^Alb 


<!*->■ tA5lj.iJj <U^i ibjl jiaJ! ^blj U 

CoiJaJj <LoUalaJl olj^>- (_j A^*l»dl eoUas'iM ijt CJ jJ' J J 
.^•►obdli a-^j^JI ^jUa3*ill C—c5l \ C ^S idLjJl JL~«5L ll^jJLi 

Oj£j ijl k_ AjjIIaJI ^.las p-Lol® j*o 

> . * 

^^A o^ aQa!| wJULj jij .OijJJJ aJUM.5 a5 L 

*w-~i\j ^a) SJpI^ a.«pa~Lp a*JLp ^ 

(_^l OjUil Jj c > ..~. > b ( a ./j, a 1L IaJ^Js jl ^iLasJIj o®b*il 


^jj Jj^acJ aJL^j Ajli«j AjjlkJl . Ajb*p A, Lq ? 

• A-ol)j^^Jl AsUaJl J-Aj 4^>-1 £jj 4^U5J| AillaJl tASLUl 

tj^bo ^^oP LsJJjO iLoaA ^L,^~ «uL*jJI Co 15 

^jaJu Jj- 1^ (J — (—JL* ^»-^/lj oaj^ L^jj*-I — jjv^giC* 

U^Jl^I (Jp p5l j 4i>-jlil k,.a,.,A>- 

a^o L^ . 5 cj^ApLij jjca- aIj^5JI cJ15j .^>■'^1 Jp 
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.p ij 'k*j L »< > . J n J 1 jLpLiJl^ 

Jjfc Ijliftl «Jlft LijjjI pUoI ( J5” jJ p| f JuJl jlS" 

^-jlsl _jl ? lj pill Oj^ij 

£a ail^l jj^Ll jvSr^S’Vl jl t(_£yip pill Jjk 

?<LJL«>i pLi^ a a.ll^-1 0_^^J (jo»-jjJl«ilj 4-s»"^Li 

^P t(_g|j(jli jlSj •<— 1 jJfcjUl 4jjOj pL>-J (Jjl>- AjI Jj 
O■ ■ 11 ^ ~*j>- c^ajlJ^/l I^La ^|^P j-a col $*** 


^JLp £■”“LJl j_jill L-'^j*^u (Jl^is (_£_J-L> ^J 

« f. 

.Ukaj l^j./?«.j al./oTa IglS’ pL*_^JIj A~~J?Lj«llj pL ^Sjl jl 

ojLi j (_$ljljli cl^li?-jLa ^^JUJ liT IJ-j jl J-ij tjjJbuj 

.ijS'JI ^ 


lit^Lil IaJjuj cc^S ljlll iw^plla ya aJLoJajL! 

oU_jj Aalllj — JjS^Jl ^Jp jili _/sP ~A^,lla,Ll iil^Jl ya iJU- 

,^^... * ..t.1 1 jlS" _jl ^..,...,<J' ^jIaJLII (_jL*jNI jlS" 1 ^jj_j .jI_jj 
Jtf-T .ajUbr c~~a ^J| AjU-£Jl Jl^ll JS ^p ^Ul ^1 >jj| 

jjJlSxXU oljPJ jj^a A«Jl A>-^j La cc-,...]all J^aljl ^Jp pL) i^yiSy 

f. ^ 0 p. 

^Jp jL^-Ml ^ la.aa (J I j^CJia cA»pLw? ci>b»«jl pI oLU »j 
A... ....'> juj Alo i._.. — ) AlJ^P C-.ailiJ J .J^aUij 4 jLS3| 

aJLp ^o-^-l ^%—j .(_£ jlaJl y* I^J I ya La y ^p ^-*® pL>- 

jj«-i ol ji-1 y*j j^P L ^«JliiJ (_^JLiJl ^ pI t^J 
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i^hl jUJIsjL 

^^ 11 —OJJ dijp* iLfc-LiLj ^.~ < >3 44»lad_i (jl 'ill 4*»L«! ^J.-..>«> *il i)\j 

ij\ 'tf cjU>! Jp 3^1 N .dL-U!>L ^Ul Jb- Jl 

. ((I 01 Jp j j^^l 

pJL*Jl j j*j ^.> 0 . 4-1 ^jIjJ! aa-lil d)| <J jAj jl -Ix-I. J. 1 ^ JxJ 

4<^Jl tiUi »—>ji oJtb-l ^^-*Jl 4(J^s(i <lajij jlS^ 

Jlj— JP i»U-Nl Jp 1 -i^jnJ 4b_ica Jl ^bljli .iUi 

f. ^ <* 

f-b j^s Jl jl ijlJLil Uwslj jlS” .oljl—J 4 jck_vX 3 (_yaij Jls 

* * 

^j5C»j Jft lllA Jlj>-Jl 4liLjj UsLjjl jWla.~ y> 4—JaLiilj 

^ p p 

?Lm2jI p j^aJlj *1)cJ^ illlA Jl)I 

i> jiii jji juL>-ji ^taljli o\£ 

tAj^Jb^Jlj) I blwkl^l ^ A^wi^xI^Al 

* * 

^Trinity House j ll*lp Aii^j 

^ 1514 1^jL%*oU Henry VIII j^LJl 4^' 

41845 ( j,.Ja,...pl ^?>-ljl Jj .®iolil jjJi .1 (_£jb£ J j ^ a —l I iLijJ 
jli Jj jiaJl JL^*j 4i*_nj» J ^jl., f ?ll eUA {jA IJl>-Ij Jjuil 

Is* 

. _ f * » t 

Jp el^-l J ^1 4 I?./?^p I jI^iaI a-ljj I a-^, val l 

jl la..-,....a ^Ja-a Jp til *• j-<alt IJiA j ^~I ®W^I 

j^APxZjj LlaPl —0 £rj../a> SjjJLsj^JlS' 4. b . « .a otjjlj (J^5*- J J> 

(£j)~ 1 ** a 4jUJU^ 
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ajjJb (j- 4 aj^-i e- ^ A <S ^~I cli •—« 1 1^} 

^JduJ cAflj-jJ 360 ej^JuJl aJlA ejljl 4~jlj 4. la.fl.t,.- a 

^jl^a JjJj»- ^a ^aL»~J! jvJLaJi ^aL~Jl ojj-^aJl 
.aJLc- IjfcJL oIaJ jl ia^A-l al^l £o> jil 

^jL_)L o o ^Jjfc IlSlJb! 4^-^]a 

(_£taljU .jjjj L^liJbi ^_gj*..,4 (_£jJb ol 

** y 

J^Jaa jj al> ( J--oajtlll ia-1jia JjI>mj jJa los_p- 
L^i-I 4~~uL?- AjjUa-j ^g 1 */>JJ 4->3_^la j_^P /^a 

a^UaJ jl iijljJl 4 jU all! J-JUtJ j»Jl>tL~o 4—i 1 y>xj 

£-ji jjp oaJL>L>- jI ^1 ■ ./Ja Jijl pj t^UxJL 4i*Jlo 
(_£ JJl JjJbJ.1 ^UjJl j“y> j»j cl. laflt .~a aIjcstJ ^ya-La-j 

Jo Jo»- ^y> i_jUaijaNl ^az?tSj cA.~»fl.i abj^SUl <U9 (_£ j~Z OoU 

■ j^~ ~ a t t l ^ 1 
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tfbljlijZtL 




<Ja ojjJj e^liai."...^^Ij 4 — jUaiL^VI 


oJl& 


.4jJuJJI cUl 








4«laifc.o oIjLjj oOljL" 4 j^^*iJ1 

^1 iiL* j j^i ul oj* <.*& yi* JJUs- J!A>- oljLJI 






■^LpI 


JJU ^ («iiJS ^^JLp IaJL»1*j ^y> NJj p-ljj^^jl J>i»U 
l^s^j AjjS C..-M..J AjUjUaj tjl (_$liljli f jb >QaJsl*»i'}!l j 


123 






c£5L« (-\jj^£ jJ ja ^IJLitlwuli (_g j>-\ a jA i-jy>*3 
ji tULii ^aj taUil J5 {ja 10 e- j-^aJl £-l*J!> 4>-jj <U^-l>-j 



(Jjl^-iJl) (jilaal! y* (Oy^) • ‘—'Uai^NI 

■L 

jj kaj JL>Jil JJ*^ J^b- ojL* 4*iaiu~« 4*34jJj*- 

.(_5bljli oLjba 


4 JL 4 } 4*1*3 4)jyf- ^jA ^-^>-li l4..„..>JgLjJj il)l J j5 jjJSS- 

l^SCwij OJU j5 ^j£+0 jj jfiij Lt jl> oL j^)\ y 


‘•iSy (i_s^ tiv?ja i_ivaj 

f.j.^jll ol >-ja CjjA <L:~>- u-.la5".«U ^la.^llj ^l..,aU t_*jj 

<J j>Lj j jJL'.a jjJb 0?>-lj Auladll i}jb (J*As>- 4-JtsNl 

eU5 Cj ijLi!l jO* j% 0 tiajO-l C..-■>■ <*J^j>- jlib j>j 
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(jbljtiJSiU 

Lilsl .(_£j>-I a jA ^Lvail 

p. * 

ya i_jJ. /-|'I JjLaII (Jl>*il jl <! j\j JujJ tliJuft 

• jl jj.x!l 

jJLi y *\j _^£)!j 4. ; ..,. ; l?lli(ll iil_)| 4jjl^ C-jIS 

^Jp J-j! l^LJl <31 j *'“ J '^I 4j«jLJI aJ.JL'JL j .LjSjji ^Lj j^ 

C-J _^5l (j jJlllal pLS^i *)l» [Aj'^uaj JL?-^ 4jl»«jt 

jl jjJl>- Jli] <( J«»jJI _/P (_£*i/ eJu>-lj ^1 <JaJ- (JLi-l 

4Li^£^jl juj 4 J-vStilj A^kJaUill ju a5it)Lp C.-aJLiS'I 

'*«' . , + t- r 

(|jL>- ^_»il j i 91 ■ t. T S')! I ljua 4^*lA> (^JUI JUvil j l Lit I (■ j-AIIj 

eljl jl (_^-Cl jl ^^j.lall Jp’ i»^C-l Jj al ^i\j 

‘a-^^iJl l-i* iijci-'il cJj V iLaJ-l j_Njl 

.«^_— J^JI NlLi J*il Lb-t j^l V 
jl I SjJlj L £~JsLj«ll Jl>*il olSLst- jl (^bljli j*lp 
Jl>-I ^p LJl^-i LL-JpLJLo l.las jlS" Lo.up' <_$! 

|i ^ .>^1 >*_—Jbi-I \l)y^- lJaij ^l>-jJl 4^Ja£ 

jrulai (31 «L>-b-jJl ^jLj*- ^LS" L»-Up ^Jl <_£l i3b* 

*■ £ 

.^mJLi Iw-jLi-l ^A_y L^-...! 1 1 «/3j bwiJLP ^L|^Lmwm4 

* * ^ 

lk>- ^bljli £si>j] J tibljli 

biJj^p El^ 0 ^j*mAa] bl j* <J£!l 0 wLa 

1]La ol5 14_Li i^jULl ^Jp jn....,»...lg bJca juiIS C... « .s4>J 
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u Joj j> ai^lp iillA <jl cJI La c 1 ■ l»ar...I | ^-L«JLH Jp yt >Qj ^)| 

.8*J -/a'Ij ^....WlJtil 0jjjjl 

AjIj cL^ajI ^LaJLi! jjJG AjjjJl <U»j|jJl JajLill ijl Jjbljli JlS"I 
^jjuu 0IS" .^1>-^)I *i/wlj aiLLi ^>-1 ^IJCsOOvI 

(i <-MjJ-^1 *»-._P J-^il j£ij J-*ju iljll 

4_JaS O—SIp bU c^g.«.JgLJtll Jb**i! aji Jp Iwu dJlS <LlL>- 

^bljli jj Jil .j^Sl ol^Nl j a-j-*aJl <LaJ>- Ojb cjl>*il 
<U~»j3LjJ.L> <dxu Jjo C*U>«^-*i/l {jA _/J*-'i/l *^A-I JI 


,f.yjz JL) <JaJJ.4 4.._jjljjJ.1 J 

(James Clerk Maxwell) Jij~S U ii jSS ( _ r ^J r ^S/l i)y 

1 1 ol i * yl I , * w 0 c_~Lb Oaj a _f . ^ — 1 1 aj^blx^j y ■ ■.. I 

* « 

ll)l cLjjjsJ kwiijj ^Lj C^bljU cjjt>- .<UA*wJsllk4^gS 'i/I La 
isbULl ( ju JajJJ cciLb Jj*jI JI .il^'i/l IJJ- ^Jb 

|llp JSj (j C Jj Jb lj jA 4Pjlj (_$JLJl >_1 lalI jAj c4~*~J?tJill j 

I 0a JS® iaJbojj j L*o J cJj-Sj (^bljli . J^J-I ciib Oba 

C * 

— 4j^>oJlJ 4<*-JaJl (jul jS £A 1.0..*,a ^b l» IjjtbLwa a-^i V Cj*JU- 

. ^^L^'i/1 I -LI ^>Lxa ~ ^J^a'i/I a*Lfc Jjla J 

IfJl c_oS Jt ii c<dj£ i_^p!jG Jl jj "i! bt oJlS cals’ Ula Jl j!b 

c*CP JbCbJ Ol IaI>-j (jl f jA bb>l jL-a C.»4 Jl*j (_$! cl851 <c^> J 

■< t 

cc_oSI (jJjii • ( _y*- a |j5b coS dLlSJ jjUj»jaJ L» 
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(jhfjU 

J-JtsN yL Jl {jA L*J V^JJlLol <1^S ji ^js\j 

jJl JjlP oU?^p **j tai d-oLo tJJUl AJLwJl .^yZisj L® 

LaJI*j C.» -** iJlJul ^^-*J 
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Luill (Jjiaitll 

jUJLqJI J-aoj 1616 



jp- jl5 i_JLJl <_$! J\ jl oi jf- l« ISI ijLjtX^ UJ 

(S,,, 

cLUj «-Ui| ojJi J jij IJj»- v_^ji cu_j 

Ljio IjSIaj .c-Uij ^jy*j ^ (J^^ 1 ®®jiSI 

p. ^ 

Ajj 3 (jl Laj^P ^jP ^ytp i^jPj')! I ^£- JjSj Jai—J 

(_j (J-i- 1 AjI gj.»».«t. 11 0\j tUlC A«i-I 

jJj aJLS’L jJLJ Ji Al« JaiL» (J jl~il (Jl AjOj 

,<ji5 Li j\ J\^\ 

(1847)jL~JJL {J ej-pl£ ,t.> — 
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William) o j--~ a jb j*Jj JlI>u jjJu L* (_£j-U lol 

j$Jj ja ^jJJL j*jJl tiJLij (J (Thomson 

^p 1 ^*^ ^ 3 j\>- o(^ *—■>^p ^ ^oL J*j ^jA ^jjLUjI l», up 1847 4j^*j 
^jjis .^LiJ-jiJlj iS^Lp IS IlLji (jlS' <C^j C^IjiNt 

.0 jaP ^jA 0 j~P 4-~oLJl (_j j-Aj 4 J ^aJLp (J_jf '““'"C"*’ 

l j^P COj^P jjA j- t - «J Ij 4-jliJl (_j jAj £^Ju_fua\S (_j <U>-jjc jjij 

„ " * 

cj*SM jvA 'LA j c j_>*— >j ^P~ 4_*»ol>o ^ . • .. la li <LA**JljiJl ^S\J 

■* p, 

• O^j Oja IJU^li <~~J y^\ *wJNt <Jl~>- jjJL-Jj c^Lp jj jA JL*j 
( j j£j OI -i-> *V <Q».-Sail (_£ji (1)1 JU&*j 1 Ju Jl3 O jlS’ 
lIUj c_JLaj jlS - IjJJJ c(®^lj!jli «U*L?" i*Pj. il# Ji l)1^) aIaiI jm 

J^cll A—ll^-l (Jj jh}\ ^jA J^J 4 *a\j J jipli -1 

* i * 

lijJLa ( 4 ^-j ^ji JjS" c_~*-i (_^p 1 —s^-li! ^jij ^11 

J y? iSjj£~ajj •?? ^1-^9 Ni (J p _/v~Jl (Sji: 

. (James Prescott Joule) 
c(ijjP ‘‘^Tjj < *-*^j) —P L? sJ_^“ 

p * * 

(J jA^a lUJXA j\ cO*^*>LiJl lj\ ^.aiLJjJ 1 j^AJAji 

* * 

(J \...p,A (JjJj- jl5 li| .Juu c_d3jil ciiJi bwj-jw< 0j~~a jb 

^ f. f. £. ^ p 

^LJl& Id^l tAjlj 

tojl^-1 SJLjLJI Ua>- L« ^jil f-lil ^ 

. 4jc*-JaJl Lc Oji? 
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.ilSwAS)) JLp ^Ll ./i i Jju <Je-LaJ'^l ^|p Q y**j »jis 

L«Jti 1199 apLLj! (_£Ji!l jb-jjl aJl»Jj c^^ioVLx 
* t 

SjI 4^-ji (_j j^la^ ijl i^~L3 


iljjjl 4jL Oblsl .0-jLji4>-jJiJl 1 a 

* .I * 

^|p J j~aA-\ (j—i ji lij . 4 jLs.s Se4 _^S Jt>-I Ojl Jb»-j 1 _/dS 4jlS 

, < ,. 
.AAj^la j JS c)^>-jJl iwJO toLLo (_£l 


<jl ^ ^*PjJI 4.1*® .liT jiS”! <LLw> jJ-J «UaaJ| JjJ 


(Lord Kelvin jyiiS bjjlJL lc^ '-*yy 0 j~~°j ^ 

Aol J,1 ^.J»S UjJP jSJb ^1 Ajli C^|p (J^>" ^JjLS 

lali^- 4^jLj5"JL!li .jLijLwM ^Ll ax.Ji.i jjjbu 

^ Jl?-Ij lilJuT jPj C^j^lS 4jl 1 ^Jp JwLjj tL<3.*j l^,.<?».< 

Ji*j IgjL/aj LoJCP tiLLail (.ilij jju iaJL>- Ji iLjjjl A^' 

.J,u Jj- (jyj tC->l j . ' «.»«»> dUi 


( _ ? «Jp (J JLj tiUi ( J-3 o y> JjN LiJl LIS' 

*■' p , 

^4 <U - mj3 -‘ o >^JLp ^LpI Add . ^ ^ 

* <* ** 

‘'j** IJJ iejl^il Oj j^-Nl jJj&L^b Ol ta^c!•■./» 11 JL~JLiU <b-U 

<a'^S <Llfi 4_5 O^wa jb I i_<LiJl iJlA I*J)£J Lip 

AJaAi^j aSLLSI (_|| (J j>- jLalil OiS .LiliJl olla>-^U.I y**-> 

s * * * * 

^Jp lJb*-lj UastJIi I j~p\£- Oj£j jl Uji jN 

^ p, ^ ^ p 

Jis 4j| ^Jp La?-'^ i)J*~-*J ’^1 4jlS 
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«^Sli J*Jj .ciiii -L*j V} AlilOl ^Jaj ji J oJbuLa 

oSjJ 1 ga.^gj ^l!l 4 j j?*-^l Ol jJl {j* Cj^ jll e-lfc 

o *" 

.|JL>- IpUajl 

Jil -CSC 4 JLi-l UJ jJ&^Ul 4JOJ9 i._ 0 *,.s> 1 Ji 4^jjlji*V jlS 
^Nl jJ»jj t(caloric) ijj\ jJ-i JlLJl 4£l JL>-L <oja JJ 
1^*1 Jli. ((t. j. 1*31 ^jLal) o^Lo Jp’ AjflJU^I 

jJb La J^3 4<LslS 4>-jJb i]^iL*a oj^jjJl 0>JL> .ij\j^~\ SlsU 
(^jljjA-l d)Nj ^J~l IaJS Oj£j 

. ei J^J ^*J4P ol^a Jj J^JLi J-sO oAoll JI J-aj 

* o 

(j (_£jlj«M JL»«« J 1 £JlJjj cjjLJl (J ^3^ iil 

Xp .iJioS c-L~»<*yi L»l .^j,<a.all J ojljJ-L jaJ^j 4— •../gall 
j^umj 4wjI^IaJIj .i ]I^J-1 JL ^ mJI ^ |—.9.*». ~u L^-'y l^ > 

-j~ (_^jl^J~l JLvJl j*y lgla».,<c> 

.jl « o tSj^_^*l JLJI ijSl tL^Jgl«,s^?.’l JJL LoOp 

9-U.lS t(_^jL>«J! ii^>»ll J lSjI_J"I J'_II J Jj 

jSJLll (_$jl_J-I 3L~JI JiJLij j .(SiJjS JJt*i cJJLJ tSj^>-UaJl J 
jlS^Jl £» JiOj frill (jS»—J JI JI JjOllI p^iJl JS J 

Jli 0*S31 JjJaj tojjjJl ^^*‘.7 LaJUPj . ( j-^^il ^tiJb (_£JUI 
,J>JSJ N Sjlll Jia <lia (_£jlJL«-Jlj .^il*S frl_^ll J 
l^li JS^J Ai* OjU jlJiaj Oj^I (_5~*" 4^*»Lp ( j^o OJj> Q«j 
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.y-T Jl jl£»<y 

j J uA3 .4jL*JJ 4^j jA 6 j n^I^ 0 y& S>^J I jA 

. t ■ Jl f-Lio ipL-o ejlJ~l jjlj^w^il 4-j 15\J oDj jJL^aj 4 jI (J^Sf 

•* ^ 

Lb-'i/ ^Jil jLa:.^l JjL» (J jl!i oLwiiio j^U-Jl JLSli Jli j 
iiJNl iJiJl (_$j jl Ja—<Sf I I JILLS' c-i-lSjlj i j* r * J J-Jl d)Jj j 

l4-j| Jl jj-~«Js l—lS' t^LI 4.x-<3; Jjuj ■ jJ^jJ 4-I^J J»*lll 

(—aJLlS’l 4^J cejl^il ^\iS^ J *Jai~ jl Ljy*i Jp 

Jj J> *«2~SJ jA»J |Ij . < ( *U^'i/l 4jtlL JiliA-l ^Ji/u jJLj Ijjl 

b>-jvjLo JbJti-l 4JLJL^ Jj k_jUa>«j j-jJli-l (J j>" 
t ’ * ' . 

ojlJ-l jJJ oLj^I .Xj*- JLo Jj Jjj J~>- ^l*X>»l««l 

.iiui ail j** 

Sjl^J-l jl ilSUJl oj^aJl J t— jIJ^j |11p J j\ ^ 

c jT (jJjl* 4 xL«jI (_£ jp-^Vi jl i4-jjl JN J^>-Xj lx*j tjjla.-x 

idjJl ( Ji*j C >'.» ti Jii Ijjjl OjISJ .5^o“'^l ®1'.* ,,/at 

ii%>l (Robespierre) J»J— Jl*j ojUcx-I L^SsJ 

<" * 

^j<axJ 4-i^ JJ ^i Jli U jJU? jj^l^ru OjISj 4-j jl J^l 

Benjamin) j Jj j^UaX jlS’ j . Ljj J J {y_ Jj»ll jL$ 

^ p $, 

LUtXa jjeJ JJ J cljij-j wb>-l (Thompson 

lOjjjl ^-oliM »_jlj-l Jp 4.—.tf I _L>-J jl X*J 4Xjlj 0?-jj 

JjjjIxj O -jjS s - flJ Jp iiliA j..«>- tUjUl; Jl Jiil (*J 
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AJLp <1801 4l«> j jT (_ 5 jU Lf a^\ jl Jjuj (Count Rumford) 

* 9- 

eLJ-L { jA^j \ c 5' . Ls<ajl ^ 1 $JlP J(Jp |»JaJI 

L^.a.S<gJ \ g S' cK^Jg^ 4llllT^ lyd J C<U5lj Oj^-J 

L fj jj* 1)^9 C<L»L5l> 

£jj% i^jlp << Jla.ll I 4li^>« j«j <C-Jjl 

1)I llj .Ji 4jl Aj *)J j) < (1 1 /3 1 1 4AP 4_LojI 4j2jCmJ| 4_^*i ^ jfr *■" •' LS") 

!» _ 

/jp oLlSUo LgJ| ^is cl^it dt ^jL» >_la (J,l Jjj^laJl 

AScajl43^(p iL)(£ (_ 5 ^ 4><jLxJl a^ILo 

co j g all jUaiAol <4 jjI4»Jj»-IaJ| cij^ jLoj 

Ao^lij (j ciUJl ••■■» djl jl^ aIS’ cilli ^ |»_ft>Nlj 

.^jl >1 JLJI 

j*J) AjUjipJ jU C^jlsUl ^jlJM ,5j^a/0j ^J^a-P P-L.I (_£ 

.jQ ./?1 ^»L*J| 4Pjt./jlI ^jlAll <_.a i AAP i^Ul ajljjLl 

JLJl jliaJ __aJi LL»P <1)1 jJUdT AjUI aLcP^/I oLS’J 

t J-L (_j diALj oli" cO^tjcil <3 m ;• ~ > J>I 

e* 

ciwjldiil «U>JjJ ejL^/ <jdL a>- ^AJxlJj *111 (J IxiA^o ^^oJtS 
4pUl c—a.^j'ij 1 /ApL« Jcxjj clULs LJ o-lll ojlj^- c.-».a.~jli 
j\ t-yj» jl jlj 1 )jij '•jfjr N oLa>- aJi jJjiXt# a-111 A>-l 

• (( LS^W*C^ Jl 

j j j cJLJI ^_Cy3 j <_.» .|«3jt) IaJ^Ai <uSmi SjytLoj jO-l 
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I^lj La,Jlip ^Alll AlP (_£Ujl aJLaOJI^ aU-LilLl 

* fi > tf > 

Jb- jl .«jU (_£l Oji t^Lo jjj'JJ jJj j ■ijLJl (j-® A-^S" 

* 

qULaJ-I La Sjl j^~\ JUjil JiJjJ (_j tiJ-iJL) Lpli 

JLJL ^o ■«■_! La iillA jlS' Ijl tlj^Aj . ^ g 1 *>P (_J joT....a 

.Ala ‘ ..A'.^ laala^ ^jil ol jJl—i i<_£jl 

ejl ^ji-l ol ojLia JjLi? ^-l~.'.~. a I ^1 I j^lil Oi Oj J >-I illlA oL? 

j*JLi ^LiaI® jl ^>- jl «e^>- a j£)l ^^A ^Jj LoLa Loi C.-.*~i 

dl jA Ca jjjj ^ «,jota j»— j»- *ij>-l ij SOaMj eJLjJl 

J_Jb <J>j—tj —^ l$ ^>L;^ 1 jlS'j .(Robert Hooke) 
jIjia! ^ j^r ejl ji~\ ul ^y»Jr*\ -ti (Daniel Bernoulli) 
^P kiLi^J O-jLS^ AjjiaJ! dllj .iblil (_j ojjla'.a ^p aJLo 
jO^Jl ^JcJ <LslS^ ASJj Oo^?-I Jt5 ijjAaj jlj tJljjJl 

.J±S\ olf|-j (>• 

^1 j^JL. 01 La ijjAaj ^j! OJjlil ^^a ol^jl *A*J 

£ y> olii .^.b jl ^Ij^Jl ‘■La j*zi (j ^ ....w.U JJ£lj O 

tAlJjP’ ^^P Ala Usl js\ Oj.1I J y>-$ !jA L$i yyjf £Aa ^»L|Vl 

* t 

<JL~JL IOp) f-La eJjjj Olya ol Ala O o A l ill 
*«iijl ji «_joJ 1 400j (will 300 jju La aJ Oj«ii j*i ‘.(tijl^-l 

( Jojj ^aj t jts- ^vaUl o jaJI ^jA (_1jNI ijA*Jl (J^L>- 
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Jp <_Jjlsi J-o-’r' 

C...Uj 4. ...ILaa^$^! l otlsoJl ijf\ Jia uy^r 

C-fljJl 4 jIaJJ ^jij (_jil pj k_ijJla ^^aj) ®jljsLl aa^J o 

^A-ar..., a^i^AJI lift . ^ ^ a 11 ^|p 4?.,<aPj 4 al c (4^wij 

^r^ji <1)1 i a JJj-*-i 4 ^® j>*j <_Jp 

<* f, 

^y> UH>I jLisJli SjlJiil olsr.^aLU t<ul£Jl! (Jjl-l ^IaIIi 
JJiJLj ^Jl 4 jL^aJI jtA*jiil (_}j<_aJLS\i i jUl jj-« oLil 

^4jjL>*JI oli^>llj .J/a-I jiaJlj ^jUailj CjI jUill 
.oN*yij Olj-iNl Jujil <Ca (_$ll JbJl^-l jlSj l3j^yP 
LU tiiUaJl Jj..«a>«JJ ( J*»1-! aj jilj jJL^o ^j>-j 

JjIJl>- jIjll»I ^p dllL ^jiJA jlfl ^pIw? ^l./j:sl 

p ^ f 

i_S^Ij*i/l (_^J J-/»j ’*^J 1 _/!>*->} Jlc*i Oja-IjJ? 

(jlp j~*S d8l8 4j^»i (_j 4 _/w—Lj la (_J LI . 4la,.~,.ll 

Jjjjj (jl>-H C.U (jl^* jJS' (_j 4 jjLtJ| ol5^>cil O^JLlil La 

^) \Xsr lo^la o^Si olA ^L-Vl toll 015 .oM 

t(4l»vP Sjb^l If 2 ? (j^^ 4 JaJwaJl (JLp jLxJI |»jjjj 
j-oS/l ijlS" .dUi Oy>l j (_jJl 4«..Iail ijyl^S k-ijAj ji l«A>-l 
UaiUj 4 j^> dl tJL*j t(_£j_^Jl jjplail — Jaj ^ —4~il 

,4-jljjlJl jjyljiil j*^S jji 
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OjAII ~ i j£ r 


(James Watt) J »!j 


Cr^o-* 


AJuJ? A^jlxjl ‘Uu. J a] 1 l _^?-ljiaJl tl)^ Ia OJ 

* 

il>tP i*i (Jp 4 P^~j dl^ dU~- i^yiSu ^ UtMS>l J IJL» 

.tU q ^ j^j o-ApLaJI J_1_p 7"-jjC JjL-I JaA-wMj^ i ajJu£ 

l^lSj 4<db»t*Jl ejl.ij J (JJlo ejjdl Aj^ 5 jl ®ei^^swa dl3" 

o^ill OjIS" a1>-IjUI i^jcs-j**S\ i^j ^jLill tl)l^ 

.jS\ e-lil Jai.wi A.^ a l >r.lt Jtl 
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j\^~ J&S- 



Aj a1>«_P 


i(Lazare Carnot) yJ6 j\j)} ^Sjd\S <. jj^.JU$ll 
ol ^-fi\ 1 1824 <c—La liS'L oLil (jv^lJ-JcUJ aSlS 

i) yj.1 o!°VjU ^pULj lu-J L5 iJ^) Sadi Carnot _jjjt5 (_pL» 

> * «. 

((JajLil)) (_£jl(JL—Jl L^—5 4—»it 


t^lil (_^i ^j-U» Jp 

O^LaLjH (jt jt-ju <Uaj a j^S e^..ii Ja^ i Ojiii 

Reflections on the Motive Power of) «jLU ISy>A\ ojJuJl 


0 ^ 

^ fl£;j IJt>- ixjiJ jA ejl j>- -Up il^>*i! Jl>--U .(Fit 


(V^rjUl tl jfLXS\ + Igpl -Jl (1) 
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(■ JjUil jt-Jajilfj i\j^S JSI ejl j>- i>-j.i .JLP 

1^5" .e-\jyJ>}\ Aj 7x ».,,.* jlJua ■5jJl (j^ ^ 

«# 

ojl^A-| ^Ut»i (Jj-~s 4 ^«^p aj_jjJl aJjh a-j^JLI 

^ydl SjJJaJ! ^>l»L>tl^Li AiuJii-l Aa>-^liJl 4.1.».a.~ la jAj) ^|p*y 

.(jLlJl i>-la ^y> LaJLoJL-J 

4Ajj! j ^-1 ISLoL-tSl ( jj3IS” A«a.»~- .a La AjI-Lj jjjIS" d)jl 

(<_$jI jJ-l ( _ j 1pI) bla Sjljl aj5La J.I (l 

<J*>U- jlil alll Jlla alUi (j Lfrlla t^»JIp 

aiJLlj ol j*y 1^ Al>tp 

jlSLa Jb-I t(John Dalton) jjilb j^>- <wl*a 

f * «• . ^ 

AjjJidJJ ^aLa*yi Ajjl^- C.^>bj tls<2jl jA-^-JLiLa 

i Jj Jti (j_£^ a jAj t(J j^- jJlj (jb .AjoJjl-l AjjjJI 

ijlp1J-* Jb La?L>- A^>-I_j ^ .».»„..>• 

(_j aSUj jJjCyiaj olSb ((jlj^Jl ^jwaJl jIL*Jl (Jl« 

^Jp *L^£Jl (_jjL^ toJidJ jij^j li >~»-wJDl 

,ly:JLi ^ja l$-Pj 4lJJbi£ AaJL*9 allijJl C.~,a.L3 (W> Aa.il>-j 
A.LaP' aLjI Aaajjj (jb 4aja-P (j- 4 0J~«P Aji^aLdl laJLpj 

LjU jqS IS” j£- ol (_|p Jajliilj oLiill. 5^JS ^1-/3a 

• Ala ^Li*U ii yj>l ^a jil 

AjUaJU L^b»- (J^?- ^Jbx^al cAillaJL) jL^Jpl 
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ijtAis jft <_j jLP ^LLP 

(J jwij**Jca t^Uoll jP»-Nlj t£lijJl jj- 4 U*Jl^I (j\JaJ /^» 
JS”L toUjUa.il eJL& JUs (_jj .iwXd^ *■—■! ''u^ {j* 3 -'*' 

UjU \Sj£- O-L/?j li|j .oU ^jA Uaili jUa^s t£Ljjl 
jljjJl yt a*J l oliill Ja, Uca-i jLl l-3 {£ (j\JxaJL 

•jj- 1 ; 

^yU^SUl fiji jl SJ^T 4 4i?-J^a (j Jj>- 

t(juj 4 oUjUaJl .SJp 4jipL^ka JJP .jLllI y jlJlLw jli^j 

p^iJl j)Uajl iJl £a\ (jl JL. Nj .ol jA £jjl o jail l ac.\. At i 

JjLJl ^LaJliNl IjL) Ifii 4 aJlAJ ua OJb (_jjU^^Jl ,i!j>*il (Jp 4—Jt! 

» ' 

(j » >Li J yr j^ipl .(ji j -~"- l ' ij_yi!l oLoip (_j jUfl.Ua 

N® :Jlai jiL*Jl i^S -bja ^Jp }\l*A y£- 0 J*£- ya ^y ^JL*JI 

(_j jlp^Jl ajL^JI a.—... J?UJ<» j^S\ oI (_j jJLil ilSl 

U £1 j>J.I AalSvi ^j / z : a£ ( j^<w toN j/l 

iajUukS" Ac.aliW y \jjJl yA*j pU.ii.»U 4jl a5i*j jl5j .KajLjI 

(J,l J yfi jJl ojJ Jl- 4 j-^i let* •^~y ** till^i>-Nlj pI jAI 

.((iUL* sjjJ j»j aj aJuIa Oljj'i ap 
* 

aSjP^a3 tj>»JI jJUS (Jp JjJ- Ipjlka ^Sljil ^jSsj jl 

AaJliit oLJ jJ .jl^lL a^mJu jjJo jlS’ JjNl (_j5U_^5Ul 

Jj>- Ul^L*jll yA 4jsJl1^ IpI jJl t_aJj toUjUaJlj oUiLULl 
.4«j.lall «iljU |»jJa^aj JJa t^-<jlaJl 4jjJU^ ^1jjl 



.aJUJU ojlAj>-j.i tii^>si1 jLxJI 

l lij (_$^p-Nl «jl j £-1 ijl t—i-i^l (J j?? j! £iljjlj 

t ~ . ec. 1 .A' i t yj jA oljjUaJl Jjp OppL^ l.iU .oUj jll oJpUJ 

* > <• , 

'y kiLl o^11 AjiJjJ-U 4 j~»^~ aJI .ol y> 5jl j ^~I 

N j*j jpj ■ A ..jaw' Lf Ailla jjp ^>Uaj ^a .,<a^- ijl ^laT...* 

. 5 jAi UaJ I ^ 14^Jb^gJ 



^ja p**j l dp~ 


* 

.Uli ( j^jjJl i_ p ji*«l wi5 olS” <.1841 ^»1 p <JjJL?tj 

Jl« S L*~J illjjT |il*J! j AjjlaiJt ol5^p*ll OjISj 

JS iiL~» j 0 jJn 1 , 5 ^^} (_yi^ Sj^>- e^S ^ Ji»j 

^►jj jjJoo 1,5 4iL«» Jp-!j jl ( j& 

jjJla 1,5 J«Lj p->usJl JJa J OlS 4(_$^>-1 5 jL*j .(_p> jVI J^p 

J^p>- Cj 15^ AjjUaJp jIJIj ii j£- Ju^ail L«l .JJtJLlI ^ 
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C i b^_l I ;' T~^ O^^bl C^jJl y m | i X^w*J ( * ^ 

J| Cj~~“ <l/° j*-^*-Jl Dl^j Jp JbjJ dJlijJl 4jl)l^j OjISj 

o^lb ^yi-Ls J O.—.! iijLjiU) 1^**! cj JjJb *—*■ ' ^ Ua Jj •# J* 

4—Ls>LJtaob.ib>Ll ( j^a ^.yibl .il^l ^Ijb jLlj 

.((ojJlSJJ (_g^l,^3l jJ-/3A? 

> 

A^JtJl abS jIjJ. 1 olS"jj*til ^JaJb oJL>- t|»jJl 

iiLgjJl (j L^iaUsi t^bJl J j>- ^Uail J 4jjl>tJl y>«ll 

^»j_jIjjJ| jJaJLb ji jbJl jl j*j>*jsJ| (_jijL>Jl f yA (jll 
^iJb .iS j£ alii JjJ L-L ji> lZjUo^- (_j 

.abj^SJJl olL j» 

4-wajJ.I ^ ]& y>c3 4***jJb ^"Ipjl jLLo ojyi-l i^Z^jlS" 

4jLJL>- — J _Lj !Jj Jy>- ( y^J tv2^lS^^%il <lLj(J! 

^p<ai 5 J>\$ (jjlJo-| -Uj<j . ( JJ<JLJIj ojl j^-\ ^jv <u-.L-I aL? ij>-j 

ill 1. Jl Aj y>r^t JuJL) La (jlp j~* lAjjllaj ^■-' ) ° O ro iliL> JwS yo 
jU 44yl JiJl J| IS^ LLs>l ISI L£J . <fJ jlp jLo ^—•yj L f>- 
<jlSJ .ajl>—«iL^- Jp JJL JJuiJl ol (_^l tlijb JL LLLJl 

abj^SljL alii JJL>L 4jjUaj ^|jj>«lL Jp J ; la'._j <uij 4^iJl 
. abj^SJib 4 jl*Ju at)UaJ jl ij(>Llj Ui^JJ^c - ® J| JLaij 
<U^J tab^a 4jjUaJl ^i_Cj ^jlj-M jLjl (jlS^ |jjj 
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ji Sjiij! 1 3j AjjUaJ' ijl 4 J JLj |I 
(J^»- 1-b 1843 <jj ■ t J...i<.>t.*ll f-Uil (_j 0 J 1 J Jj jJj y y 

Ja .Jl oJuk jL^-l 

<JjJa» j 1 —J 1 j-jl Jj>-!.2 3 ® j£al\ 

c4jj.Aj jiJ^u 6 jiJ^J f-j-llf 

Oj 1^9 t<jujLA-l ^C- Ajl5 j£- ^jA (J J>- L^Jl>-l (juyi (jrv-jLJg^ 

^ s» 

jUllI ^-*»LJLS jpLaJb>u l.4.11 1 .IjJ ja 

i# If 

Lp ya 4 UuU ^>£LJl ^-li) . 

j»3pU.I 0 jij>- y- <jy>- { j ~A ; r A yi U 3u^ 3 

caajj o y*^ iy^~ ®“^ oLli ojl^Nl syt>£- jjJu 

. Jb«A>- y/> ojlyi-l 



jUsLj^Jl OLm-J^UaII (J j^iaj V tcJ^>~ y> 
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J*>Us jfl jts- 

<j JLsi-L jl <u!p 015j tlOa- iSJi iJu-fr cJl£ 

a>-_p <_j ol_^JoJlj f-l(_5-0joJl jjjJl jLipNI 

jljJlJl i_ilil (_j 0u^.~.—lI jLlil jl jloy^ll #jl_y- 

(• «* 

tyu-Jaliill oJLl ya oLy —j .LJu0i» ^Jj bU 

<u^a i ^*jjI oi j!5 ^y LaOiPj toLjUaJl ya aa\i£- \s\j^\j 
ya is y^lll oolfr! jji\ 4jjLto-ij .^jla ls.il s-lll yj>A~3l ob 
as Jy>- ylj 4jba_yj\Jl y 4 oy*-lil ola-lyjJb ^»^jLaJji-l 

yi j 1 ij\ yb| c.AP1 ‘,ii i jLoJl AjlC-b/aa (jl fcAS^Jb> 

.Oil jA 

I^-1 JL.JI (JjL i)\S \ i j^ tijlia^j *^h*/2ZA iwJtill jl 

<JJu (1)^ ^-A ojl^>tlj j^o^gll ^0^1 

O j La1^>-I L? • j^jJuj (J^>" 

c5*j a 4 y^ £y Ji ^y'-^' ^y*-' Jdy^ i5y*r 015 

• Ojly- iilioJ bj»jb/?l Iq ,m£ AjLii AjiLa obJbi 


S i jia?- 


»U; 


^-bjj A.,lla~j 3a../all A^-j j_^p JJwJl ya JJsj ^*is j*5^s .y5s5b,t.~M 

^ p 

(_ils ojl^ja- 1 ^ •■** (Jja- ilpl ?8jl ybl ya AUaca A~»S 


nJj0j»*il Ja-iLl ya yiLyia ywtlaaj yjjJl yj-tJl Sy*s* jj£- 


i j£j l r £0> «A>-lj J5 (_^ilj t(ju5L>0 yal^l (J (_ i i!l Jjc>-j 

^ » ““ 

jJ jjj iwiill tyJlaiil JaAji^j aIs/jj 
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y&-) oIpUJj 1 <>* \ai~Ji 4jaJj^ JUil Aj yt- JL*j 
(1)1 J j>- jJlS t(Ul5 g ' OjjJL?- (_j yj jJ5>" 

^jJ ^lajjL 4 jiLi^ ^Usj 838 IajJj 4li5 ^^ol^Jkl 

,y JJ»j 5jly- 5^-j.s j*j5J15sjl_p- i _ r &jNl 5-A^-lj 

Oj^Jl .(*1^)1^-oJ l>-Ij a>-js pill 

* 

o*V^l»i) L».xi 838 ^LaJjL l»8 ...j ^li Sj|^>- oli 

01 IJla k_j_^La j ULe- j_j ■Sjlj-sl <5JLUl 

.C*j LjjJL o~b»-lj 4 >-j~L> Isil (j^y5j 

5^j.Xp (_j ^oJlP jty* J <>tjlzi (J^>" v—A-^J tl843 ^»la.^pl (j 
Jli \j5 #l_^«5 L«Ip (jJj ^ ^ll® i5jXJ^jVI iJj^5 

<.4.>._ 1p LJ»1I cpL^^JI) 4jilx>cll jJfcl^laJl ]o^hi>-\ Jj«Jj .Lib'-'y 

A*~jb (1)15 Ifjjj 44j ^jA oliJl (55 j^~\ tSjl j ^~I 



jJ^il U^Aj 
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Aj^1 A>-U**j (Jl^j ^1 O^ ,c)l-**“-^ 1 j-A ^ ^jj) */2^\ wlpLwJ ^1 ^jA 
« ^J?j \j la.^'i Aj cl ^ w4> j^P ctjw\j>tlj <Lw>l>- 


A-3 ^iJl 4 1 874 A^» jJi~*S\ J jb*-> 

* * 

I j>-\ija d--9^Jl olS' li^ coJj aJlJj> J y*r ulS" to j‘~ A jj^ 

> 

Ji OlS *J .Aj jJ>\£- (j jL^Vl Ala ^Jl ciUi J^b Jlaj 

^y.ya* pi pj ^*^0 Oj^ll JjJbLl ojLj>- j^-^JL»La ( j*« aj^ Jj?* 
.OIAplS <j aJjU? Jp o^jp-j I^JL^a11j^~£ 11 ^L>tjJl 

^ ^ p. 

Llf jJ Laj (_JcU<fljl ^jJLUsJI jAj t^UajJl jl£ 

<« f. 

Lijj c^ iUjJI ( v r « Sjlj^ <0 Up ^Iji uUi'il 

.jj>y> j j >-1 

(jviauii-lj (jUjllJl j4rS3 f’lib frlpjJI *5b ^\j~* 

jl-Ul cj y>- C-J15j .jjJJ aJUp (J^^ - lS* 

aS” j Q * / ?*y 1 j\j& *u 9 Uli 

•» f. 

Oj ^5 j l)i Jl*jj .iJl^i>-Nl JU^j ci^ 

U^ S3 ^5,25 l^Uj ^dS" J 29 

^j-o jllaJUj i-i jjj ^ y^t- ^ _aJ ilpl j»-i .tjQaJtwi 

J# 

^jJ >» JUzUl Jjulil .#^ y^*p 1 -La tj 

58 (j'JLfli t JJsj 6090 j>*-> 

Jli^L i>J yr ‘f“^ (5 j 25 x 20) 105 ^LaJji 
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I J3 p-lll Sjl y>- d)l (3 col 

. 1a»*> l5 4 ^-j-* ®»668 




L*«JI 4j^LJI o^JLll ^j/2.*j <1)1 dyr (_$^j 

oJla j(Jli« jjJiiJj . JajA-lj ^SlJl UJd\ <j 

M* ^ ^ 

i—iij oljj-L]l ^j-«-c- _pa* L®z^* 3 ^_yi *—mi •is»-l tojiJl 

"5^ (j- 0 aJujj UJu« 4oJj»-1j o(JjJj»JlI Ja*iM ^y> <*Jai li^>- 

(j^jli-l Jb*-I J*-*p I NLaJI i_a...a> jp-l |*j ctlz2r® 

7,2 i—JUala £-j>-yZ ^Jj*ij«JI t)l A>-^i 

.(i>»-oi 3150) <u<aJjI 

i yZ^>- iJ l$ ^1jjJI lLUS j&-\jj 

oJl>-lj A>-ji jljjLoJ frill ( j J> JJsj • ~ • ‘ .(Jjl*«Jl 4jL-*>- J j>’ 

* Ml ^ 

jJl IJl* £ z . j . ' ......i j iJJsj 781,5 ajlJLia c. •lUaO 

c ( _ r ^*JL j»JL* 772 jJL «j 

Oj ( Jj!j *ijJ ilfrlSUl friUaJl 4jjJ ojl ji-\ i>-jj eJl?-lj 4>-j£ 
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oJLfc 


* 

lmJ i*.«U r.^1 lip t.\ ji| j LojJ TIT. SiLwo Ju>-lj JJaj 

.('_iiUaJl 

JLi! .i]L»jJl oLjUajj c^LiLo Ejii oJla JIla ^1 

tJL>-lj L^ J-j t—>ii jjJa-jL-J JJcJJlj ojljJ-l 0 1 Jn-j 

iiUaJl) 5 Sjii I jl J^pLo (jlla.l.t 'tf - jLbLjJa ^1 

o ji L»wUp U . 4S” (o')! I <J 

ti.jP ^ ^JJI jL^aJ-l i!U- ij ^ L&JV> 4 iL~o L. lLL^alJ 

f, * * ^ z 

^^3 Ojl y l-l LoI .laxllo IoIJL>LLJ 4 -oJj>tLw«-o 4 -JaLo iSlla sJijkj 
iS-A ^ cJ-U % OiJjjj ioJi-o ^ iSUaj l^ILo J-A-i 
tAjjJJl Aj^laJl j^iaj jl£-o_j .4 -jIjJLp 4j j^- lUIjI^XaI 

.OljJLil jI^IaI Nl 0 j1jJ-I \^ l^-s45jl Ojj-^ll 

JlS^ -Lfl3 .4-0jj ^ o o ^ c4j^lp ^\P- 0 LjJ 

,1a5.,•._! LoJUpj ^jp ^Ub 4_*Jj JJiP iSUa ~j Lo JJLj 

tjJ^o jJjcJLSI 1 Jl*. .iSUaJl oJa -Lo<j Jl£l!I J-* 

ojlil (_j ojJli!l oJ-A t4-jU^ 4 ^ oj-ii (_|1 aLj^- 

** <> „ 

Njjj <Lo 4 ^^w ijlja- (_^t LJIp sLil J j£- 

.^^LoP 4pL*o L-ii I 4 - 0 I 4 L 0 4i^P 

*j>- (JjjJaJl ILLa 0 J S JJP 4j| ^v?ljJl ye y£S 

Ja jA >JI JP-iJJ li|j .ejl ajyj? (j SiliaJl ^ 

jjp 4iJibJl ojlji-l jJe 4-JlP Lo Jj^ 



(_£jl j^-\ Jl_Jl jU • *!j^l ^ljla.,,-9^/1 

• AiUaJl <j y*P L.^ La ^A ^ 

. 4jL«lJ ^jj t(J^»- ijULlSl Oj—~a^j-9 jl ^ 

^ tOjSLJl ^ ^ «j'^' L)1 ,j» 

#» 

OjI^ ^ JjjO Nj aijjJl (J,| i!I J jp^Sj iLj~jJIj 

w f. f. ^ 

. jL> ^»L,il ^1 ilJLil 
jj OjI. 5 jlS jlLxJl jl jJJj ^P La jl jjM«ap3 iij.il 

LjaI Oj N jlj b^jjj il $y~*j j jp i! j^caJI ^SL> 

^%*aj 6^3 ^ ^*m>J| ^«J-I ^a^mJ 4^"L^ ^iP ^15 

ja-.a. j -1 f ^aSLaa^ I 4^L"j^ j\P (j^ O^^a ol Oj ^0 ^ j ^ 

. Kijl iOa j a jia J*>^ (_J^jjl 

P jAj jU>«jsjLi Iju Jja t j^^Jl ^Jp (.aP 2 ^! a^iJl jlS^ 

olSj^»ll J*_gj aJj!^- ^ja jUi .(jci-l jjji JLa j|jL>*jl 

.4jjL>*JI 
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cL? jl->\-» ojjl 


r\tr\n II ^L9 jgjiO-O 



0 j ~Jl£.U .ajJ 


c-^>- ^5/ Jr* 4 Aji tf-jp- J^3 ^LaaJI 3 SjjL oL^Ap- iJLa c. .»■! 
3 LJlS j jl^-l jJiJj .^>u ^jI j! L~1 p aJ| Lj i> 

'Vj tJ-« jl jl Lj Ja*^- *L*£l jl 4 Ju<p^j j\ ^j>^> OjS 

{. * - * . 

4.JL L (1)1 Lx LjLs cill^.' Vj .jWJ oU! (^1 (3 Li^*j 

Li5“ j>~ J-l*-« *w —>%j jl j^Ljl ^ ^-»Li Jp J-^**-* 3 

jl L5* c_9 jaj ^ lu5j ill) SjjL>* 1I ^L**>-5/l 31 ^r****^ 

. »LaaJI 3 (*L->-5/l cilij il y>cj 
j£-!j ajLil-V cJjj^SLo jJyds ^— 

(Matter and Motion) 
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^LfeltOJ^JlS* j^>*P jl>tJ 4-w*oJL) ^Jj^..-OTL a AJI^Oj La O^S* 

* 

JLoj C.L5Q hL*jA£ (Albert Abraham Michelson) jj-Jl£jla 

^iA»y ^ l ^ ■»3 4JJ ’1^ ^^e-J I ^ j f'^Ll 

«• 

4j^>cJJ L^wJwa l)IS* Ujup <jL^i 3 P-ljJ^iJl O^-J^JjLa ^JIaj .4j 
«>■ 4 jflUPxil 3j A-^-oIS'SH 3 OJJ-ij 

jlj 4^*i jiJ^ ^1 *3»l l j^ *4^>-^11 L/® c/**oW 

ojljjJl ^^>oJlj Ja-MUjJl 3 ciJb^Auxj OjI .^j^^-JJaj JjU 

oL-^-d-l 3 o>-Ij ol JJLIp 4cf-Ll^^ 

jJl <P j->t <_£Ol 4P 

^»j^La (_$! ^l^aJlj a^vi-L *—>L^2J ol Ic^ -0 .L^fcL^lj 
c I ^_ap LaLp^j ol |«% Luj o 1^5 ol^” cc— j L»*j 
3 ciLi Mj ^yJlj J^k!l {J**- ^ *yz~* up*j 

IjLjl/o iiLjb ol Jb V .0^^Jl 3 *^l J)a 1a^ 4-^uij ^a'ifl ol 

. 4-Jl I^Ljl^I ^aiLxJI I- 4 

iJJj 4 »mJ3j Q^^.l^jLa O^ 41885 ^Lp 3 *3^^ O^ lO^A 
^jJbLaj^J (3“^ 3 3 jJJ 44--*^lil oOjOjJI ^jL^'bfl <Jl jP jg*Jl 
4 jI y*P JJj-3 Jul9 . jJL-a ^L*j3j l,«yjg 4jlpj <Cj0^j 

^JaJL^d -(Edward Morley) ijl‘djUw Jji Jb>- ^ 

Ol jj cJjl>- .(_5_^>-l «j(j *—J ili^'bll 4...,ai^ tajlj ejl^sL 
^jb»j 4j| (wiUal! AjIj- j j j3 k_-..lall <.4~*Jb A>t .,<a j <e-i^y 
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OJ- — ISsjL* ^LaI yjf jdf 

f, * * 

(_r"j j-s- 4 J^"j jj—1 ^jL< jl ^t^lJl j- 4 jlS” .1 jUa>- 
AaI JJ A*-i^M J (_£ijj ^Jl iflJjJaJLj jljJ^lj a j-aIIj 

<L*^~ CAjta'i/ (_yV^Jjxll jl^J -L* 8Jp A>-Ukj 

U-i-la.ll jjai A-j j^a oJjJu OJajj A>-jJ ^Lal ijjlaJl 

a p 

O^/bL-lj oNLi-l Jj-^aj® iJLula Ajjla Ijljjlj 

.®iJL«jNI y-LllIj <L?-IJI 

iJu«Jl JjM (j- 4 aJL>- J j-*j j^—l^jL 4 JpI 11885 jy^sjj J 
tJj^jjJlS' <LjwL*j «UflyJax)l ^jJL*iJ (j—^ aJL 5L> ALajta JJ SijjJll 

p ^ p 

Ala JaTa..a A-j|j jlj lAjl^ J^- JL5 ^>-1 L^^J. jl L_jLil?li 

a-aJJ-I *ciji- Jl Jillj 4 JL>- tj\ Jp CuJl JJ A>-ljJ ilp .a^>- 
Jp JaP^I AXj^>*lj ^_JfcLij 4<US LjP y> AjIj jJ*-i jl 

A«aL>- aljJ APa^sflJl <L*^iL l l«l ..»a J^Ua^ll 

.^y^-jliM aU<iaJl 


jl a-j-aJJ v_A.!> # jl»L»JL>- jjp# AjllS^ J 

IwAAj .oljJLS^ AP j~+> jl UaJ- a J .,<? 11 jl5 lij La 

^ * * m 

cJUkj Jj «l^b L*JsL<i laj-aa lal...^j tla Jj A^S Jp c-J>»ll 

.(Jj^ll Jp aj^iill la ■ 1. - * i SjLiNl Ajbua jJalJ 

jl jj aj-aiJI* jl 4 Jl iJa^ptla iJllA ji ISJ 

** v> * 

.8|jb^^ya j^S I ■la'i- 
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LJjl£ (_$jJl Jl£Jl j.UJL o-Lju ^fi- (J^lj illiA (j-J 

JJLUJl jilp >_&JL 1 SI j '~- q ' £->l~Jl o jii\ oL..«—< (_j ^5vJj c^^>u 

isjiill j^p ^Lili iL^is (Ole Roemer) JjI 

c s ^M * l l i - 1 ^ J ^ 4j^Ss.....i.1j >_1aj yA J t^4 J A j . 4 ■ ■ - 1 

j Ua Lo 4jl jJLj tojj^S! ' J <jl C A.... 11 <C»Jto iSj\J\3 (_j 


I-Laj ojj^Slj La 4jl La '- ^'j .Ojljla 

p ^ p 

Xpj .Ul J-saij ^ J_^i»l USj o«-jlS ^^p 

<~«SoliUJ.1 ^p jJlJuT iijjA-« c~AS i'jI.IjjLI JL>-I 
225,000 ^.Lj *jUtil «L) 1 (_^| oaLsPjI OjLil tjLipNl O'-*-* 

• 4dU-i /^ 

p p * *” 

s-j^2iJl (jl OjISLiAj ^JuS" ^JLl —li^>- li? l . ~ - t »iI iSJJa jlS 

«._ h./3i JLaj *5/J <U)Ja J~SL ^.j -Li AjJb>- N ip ^vmj 
J ames) JaI j ^y-^-yr UlUJl ^ilp tU-JUSI LaJLp jy 

.j»^>*J! »j-vp ol y>rj\ p-^'L tJ jaJ o jaU? (Bradely 
ti y>ol <ul t-iSjSl j i(Gamma Draconis) { j*J> ^SIjA Lal>- 


^ & iM 

yytS^i ^y> 1 ol^-L CjLUj IS" y*^-“ ^Sjdl AjAvS> jjP 

o'y( f i>-Nl a U .. : .*! JLajj .IaJu£ Jtj-lJl (_^l di 


I*->*aJI a- yjs La-U p : o SkU ^>-*5(1 

iai aLmsSj .L§j»-^s>j^a oJL p jS I uj5sJ tc-j(JJ 

<* p 

USjj .ajj^LJUj ol dJLUJ! jIIp (Jp tils’ toiiSjLit ijx^- 
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(jLc i»Lblyi iSsyjf 


. /j— 4 183,000 ip j~*j JJLuj *d)|i j* c-jLjLJ 



(EXT) a cP—* j£ ^Aj (B) <_£j^Jlil y± jj j o-lpl p—*J 

(J j?- jlx« jj <aJjP JpLflj aJ| jiiJl -Up 

Li—J^- jJ objl lS j^"^ ^1849 ^Ip 

^Ls iJup (Armand-Hippolyte-Louis Fizeau) jjJ 

.4-s^LojJl jJlJU- ojjiap e yJt»L-4 

—' * * 

a !y oU-li Lj yp lpljt>i 4^>-j ijjjdl ^>-1J-'’^ (J 

O*~Jl jjuj .(_£jS»-l a y ^LxJLJI C^-«5saS OjI^Xj j*a Jj <W3 ^Jp 

UU*I .iJp (U-j 4P j-~j jjwU 4.'-'-.~.a aL»*P ,_jijiaJl JiJI j 

«* w 

J^l */s\\ */2 11 (1)L^ ip -Llw? j*_> LowUpJ 720 
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<Ji>fc*Jl Ja^ o^>td ^ip ijl 

jl ^jjS*! <i>5-*Jl ojta| *Lp . Kp^jxjJlS* <*Jal**> a]aa >fl J 

asj-*j Jji» (_i| IjLi»iIj .uL.jtj ^L*-iJt ^jy^i t^Jjil 

LjjiJ ^Jt 196,000 ^lj * yA -!l ASJ~H tjl jj-2 J-lS CAJbjtjJl 

.^/(^ 315,400) 



(M) i\jA ^p 4S*j~~j jjJj <^w » aJL*»p OL^I j-o-J *^aJ! ia .L.»j. ^.yf" 

• i£j>-\ * _/> iLoJl 


ciJULj (Leon Foucault) jjJ <u«iLa ^Ju tUlp 13 Jbu 

. 4 !«,*, * 4lJU fijlj.} ol4ll~-il 4Jl>oJl <J|JLI^Ij A ijSS Ci\ 

ol^lb ^IaahJI ^*1 \ Iq^j ^ j 9 

* f. * 

ip<J» 4-d^jilaJl 4>-lj^fl p-Uj 1 ^bJl3 

. (d; /pS 297,000) ^ 185,000 ^JlJ 




(Jfbtljjf jylf 



c(R) fljljjJl el^ll IJLaj (S) jJlsaII ^y» f -.jSji 

JjSlI oTjll i)j £.j Lo-LPj .(M) (_£el jA el^L (L) i-ui-bJl 

* * 

. La.Jjfg Ulj>mJl oS^Ji 


JJixil .<uplil-l 6^-iLil ji- AiLjiaj 1869 ^»Lp J-pj 
(J,| aiIjIp jjuJuJ^j ^3>-Lgl yS*)l\ jjjNl jj - L C l. 

f ^ a 

hX^-Li 1 j> *~* s - tL jjj 4 i>. l t^ 

4.^atfil jjp O^l^Jl e j ^~ j > <UjIxJ| ■ >■_..& jJl ^P t _ ,. : . a .u JI 

>—JLlaj o^Ji ^Ja c4j^jliJ( Lm jjdl Jl*j j .blij al^L 
^ 4llLf -Ap y> ^p bd~P^ 

JjLtJilj ^1 4>tlil jUaflll JaL->i1 (1)1 4j £-Li 

. Jj>-jdL (Ulysses S. Grant) cJl ( _ r= ~J jj* ( _ r -j^Jl 
^4 «jJ^\p JL^jLa d)(^ il874 ^Ip 
J^ pj t(Worcester) Jl~**ijj a.^A-1 4j i-i-Jl jyu <Jp 
^ysill (J *L».JxJl j e-Lj-jLU L^jJu dUi Jju 
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^ji JajU? { j>-\ <Lj 1 i(Margret Heminway) <_£l yJ* Oj^j^ 
11877 j jj J .C^w <Jjj #jJaL! -1>-I 4Jal j e-Lj-jjJl p ... l > 
~&jr-& i; j£- (Jj*5l ^IJLpNI <_j jJ..LCU 

fr * 

. ^ i>tla (_jiJLi L-XL-^a aJ 


^a 4>-l^)^/l O-jIS" ^\ j um 4P j3 ^]j\^ ^ 

I y>\ l^-li Jjc?- (_£jiJl tJL?-lj JL *~.La yi Jil SjljjJl ol^ll 

** f. t f. 

IpLd^i Ja-L~J ijl ^Ual^l lj| 4 j! 0y.-.LCLa ijjj! .4jLJLil (_j 4jlp 

^ * 

i( Ia43 20 jS'j& jLotS”) (_j jlf) ^l^^a ^p 

^U-iJl j .jy£j j£\ (lag time) i_jii>dll j 

y* (J-i tS^Ji (•* y* Oij (J oTjil jjp JjUJI 

JLoS/ 1 JLinj La jJ&j .(■ yjai\ 4P y~i J-^asI 4t isl 


.•uLp 
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cilAj fljlji l^ljb-l y> yi O iS^jLa Iju 

3U<ai! ( J,| < JLJl 3?-U-! J jk> 4 Jp 2000 

p43^Lj 4X^LaJ| 431.■■■- I ' l^-l ^(3 ^~'^ a ^\J 

fi * 

SijUl)) ^y, 4^>t~J ^1 liLl-ol 4jjAjIA C~C 1_. 1 ./git l j- a r>i 
j.iLA-1 Jjis ^P ^ l»■ ■■ * J^JLj Jaj^JLll C—o ijl Jl*jj .®<L»*LjiJl 

^ p p 

tC-jli Ij_j-LJL« l)_^j ijl (_^j>-.j i4—^Ls^j oljjLi 

^ f t f 

(_j oL-LaJ! l)1 -L*jj .oifrljjsJl JjJluJI Jl>-I 

ijLvJkl o 1 ^./b~l <.4.,/»!<;7j Jaj^2LSl iJLC Jp SjljJI 

. jS 1986,23 l _ ? a> ,juT^11 J-^apj ,^1 
oTjil 4-4W3j JjJjJ . Jli-I aJLfc ( Jp <j_jSo <jl v—s£ 

^U-?rXh>i| tj 1_-l I pj^P l^«P JujJ lAlaliJl 

O* 

.(theodolite) s, ■ -^ j^ j * 1 ^ 

(1)1^) A^->AjIjj aS j-i (Jj^KjL« ^J->sJwjI t^jljjJl ol^il AP j+m 
old-*i ,(<u-*>#Li 4 jUj aS"j^Lj 4j jLilL aJ jJl La^jIp .a$ 

Ojj-»^ »i mi < \P C aS^ j *«.* J 1 J I d ** I ^ »il «/? 11 6 

tOljj-tJl ap oLJ jJJI ^jJ ^Jjiiaij LoJipj . jljdJl jLgj>«JLl 

.(^j^%*>jjj_/w*) JL^ j*s> LfcJl^ jlad 1^15 Sjj«^a]I d<L>dj 

256 ol^11 jjjJcJ jL>«-J1j £xj 5J ill ^Ijl>«i^Ijj 

cil^l ^^A»Ld cAa>i*XaJI ^\p j*-3 5 

«* 

^ 200 I JL+Jl* 133 oJL >-jj ^j-s<^l f'bcJrf aJl>-j ajL^ J 
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ObL-*i-l ^j/3 »i C..,ia>t-Cj .8jS' aJI ji (_£-Ul i—SI 

Jj-Ui ^_^p ^•\ tf JL*J 1 <j|) .186,282,397 c.-i».lj 
* _. e 

.(^w~>o«J' *y (• j ■ /*»'l ipLii_j 0*^1 .iJU^ ^iil (jl dUu 

(jjjj <1) 1 jJUill ^jA jJLj® <uj»>t-sP> oJli 

^ 1^ p 4 

ip^a ^ulii ijl Aa3 ^La t^l^jjAl ^^.L«J 1 £^«J>cll ^a'i/ Jb«l>- 
ip^yALs^J ii-b» Jj>-l*Jl (_j aj.Ali 

l-Sj-LaII 

{ C, .\\ 4P j -.31 ^ ^i. a ^ 1 4 ../J > __1 ^r*j La L^LS" |^*3 

aj-^aJl jlS 111 La iJL~a 1 J^l c-^JLxJI ^0 t4j ^»liS-| 

^jC' OjLp (■ j}«a3ll ijl jl ^jA Oj^Sj 

IJLa ^jA *■ j-jaJI jL^I Ol Jjl-s*" ^J. ®i iJ^ 

t .J~SZ t(_£ y>-\ 0 jA a-ljAl J j^-Sj jjJLIa jS- jj^1LS .Jjlla'.M 

^yiLj 0Ajill^ oLaji AjjJlX>sil ijljJNl oli Cjj^^w^-I 

,«j5la U^iw Aj jJ> 

p * 

i w J W Sl oUL-# j»-waL( Li>-'y CJjP ^ydl 0 ^AliaJl OjIS^ 

j $JaJ 0jlil i^-li j i^b SJlp 4 J 9 jS\ ^p ojLp j <.j»-$iJl <Jp 

(_^l U^lj^-1 {jA Aj j^T.-a J Ajl?xla 4«la4 ,>^3~ LaJCP 

P P ** P p 

£-P>j iSjL (_$lj Jjlxlj ol Jjl4 11J .(_5 

CjI jiiJ)* i*jJ-/S ol^—^-lll (1)^ LAiLia ij^Jii 
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u |^i *J^kjL* fL*lyjl 

oJl laJJLP 1801 j»Ip- ^s>~ dill qA J-jajI Ajjlaj <_£l ji^ 3 ' ^ 

( 0 _^g-iJl £j.>jl! J-iJl ijjd J 1 Thomas Young) jj 

*> o 

. t ^.. ■ L Uxoj oL>*i^jj oL*S1^L« L)Lj 0LpL*d Jj>-ljca 

LJL ' J jii (_j _>~jd SJL^-jJl Ajjj^laJl d)l ^ijj 

Ul LaJJ^-P ^S"! OjUl Adli 

.oL>-jil jjis OjLd IaJLp ^JLza ajJUs 

AjLL»j a^j>- jil Aj^ iijl i(_£j>-l AjJld jj i^_Jjld a I j>~\ ~1ju 

djJLs- ijLJ ^LUl U OjIjI Lf^l JLj tcjj--'’ A^i 



la a > 


fi. * 

'.HjiJju jJLO If j^-\ Li j~P OAjUj-^M Oj 15 

J (_r^ 4f -(^ J^rJ '^ a ^ <jyi J-*J c<uO>jJl 

^J*yi (_^jJ 01 ^-Liu olS' .oljjJl ,ju oJU^UJl oU-LJlI 

Ajl idUS pJkS/lj .Aiij A J.ja'l Aj jjS OjjJjJl Ajli ^JL*Jl AJj 
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t*L Jui}\ (j j LoJ^* 3 . ft^jLs aaJI ^j*jj[£] (jL^j *A*i 

* * p- - 

jl SjjL>«il _^>*jJLJ talu-rf! Iup ji l'..».v ^ja lu^»j V 

«*• K» 

1 ^ L^ > 1 ^J»S" ^£ * 1 ^ CL*^3.) 1 ^^^>*-Jl 

.J^l 


t^^J^jljl (j o^-^-J lII i) j>d\ ^jA j>»Lp Jjo (_^l c 1880 »Ip (J 

• 'djjj' J ^Ij-lU A>y>*Jl ^Ip ojl ejL>-l i>-l 

c-jj^jU> c-JL>*i!l >»!.>>- (_^| aiIsIp ^sL>j <jl jl*j j 

jUo (j\—»— j jt■.**.»! cioL^Jl 4^»«ljjJl aJL>-jIL 

LAiyJ}ji c->w» L« bli .^uNl JjliL> i£y>- (j-'Lai ik^ 

. . " <■ 
j (J-"jd eS-i^ *j-kJ' ap j—* ,_yXJ <1)1 ,_^JLill <j» d)li 

Iyl: (dJUij i^ — ^. u ll JaJ i) j*cj JlJI A.M.a. 1 #LaiMI 

ali^l ^^Jxp f-^s<aJl APjj^LJ <- • 1 1 a~i *JJl1.> oLjI_j .^u*ill 

. a!5wv« _/Jt j ^»S/1 ijy IgJfcl^l Jj jJl 

t^»Jjjlil Ajy£ (j \^ y> jjp J^ - Jj^j 01 (_^*~d 

(J Jlili'yi AP(J JJJ (_jlj .*_ily>o\t a1x>-^L» 

j ^ jUl JUi jU^lti) .y-Vl eUi^l J jua^l aJlL oUit 

.(®»A-nP jLjJl jlpxj^U ^j^Ul A-~a.i 0*9^Jl (_}aaL^I 

oUL l^Jb-1 ^^jJL«IaLo Qlpl«.t.ll liLa 

fcd) J ji JL>- ^Jp j^l 
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O 1 j.~ ['kAa A it / jjl (Sa jjf 

A 

0-3(_j l-ljlp^ jLJi el^l J'./? ASSj^- (_j ^l—> JLAl>b^>)) 

A 

/-• L > J I jj.a...- .1$.-tfi iiL—il L*iali 3 jajj AaJ j\*aaai 

.« jfJ!(J jb'bl IJblj 

• 4j^ul 7*-J J Jlp*-Jj <jb lil tf-i!l>- (_5 _jl 
0-3J (_j 4 j3jP Jl*j ajL^p- j 0 ^~JLS\jL« IJLi 

Lj-b 4Py-vall 4 jO jIjiSlt OblS" .O-ij ^L*Jl 
j <Uc«LA-b <J SJlpL—«jj jj~_l£oL< c<Lai^lll 4Jk*L 

Alexander) J-j ^Ul^ jJiJL«S3! ^y> 5>o» <Jp J-pe>- eJlL 

. (Graham Bell 


^P j* j^lyail *■ j.,<all y iAj^poJI (_j 

jlS^pO jjyJsl—i (((jyai^D (J,| ^U-lJl el^ll ^Jyaai . iwka >. .a./ai 
jjvplji ^_^p oIpUjJI j>c.j If-ij .^Ji-»Lo« ^ 

‘jb> (ii lc4-* J-^d 4 pIjM {jS' y*A*fiL* y^AAJ 1>*J 

A A A 

blj . bJbf-l^poJuJ objjuj (jv!jil (jp I-L*j i 

Jjil j£ ,jJj OJjlibi ;<UsJb^ olp j~- i otpl*-iJl iJ j£ 


.isjj \ C ^[^-JA 0 ^_«3 

ly^y ^JJl cLU-iS" J>\ O^jJ^- iJu^p*ilj 

U-*3 b^_$ .<Uc1sLJ|j ••upljLft'ill# jl Jsjiai-i ^ Jx*j 4jL 

c ( _5ju'yi Ljjkl^l ( j-» jbu L«r 90 SbVl yjJSj 

5p jLop'yi o j > >.. L i n jU u^l ^ j^aZSaa*} 
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y if-j+alS L5 >-jl>( J^JaJtj joNl Jjtia (J (j^jVl 
J* jlS ^jJl jjfcj iJiS/l <J*- 'r jJJt> r^- ■>'^ > **"01 

^y> j|i teJL^S’ |Jb>- 4—<L~>- (J) .4—*LS 4 jjJS ^ tjyJj 

iL-alj jL-il j!jisl k_i(j>Jl (^} t->JuJb (_jl Q j j! 






0 .1, - /5C L* fUlyjf 

J^JLi <L«LL>- OjIS^ slj*yi tjJUj# <jl Oj...l^jLa Ja>-j| 

jj» 100 Jju Jp ^_ CyjO jjl Jp Jl jJiJLJl (jl (_j^" J>l«~>~“l 

.(«!loljr i—'IJLfcjll J*^- Jl ^y> I.oJiJ 

AS^JZ.1 ^15 t JaMjlJ! ^Lia OLJ Jp Jails- L JJj 

Jli ojl y l-l ol>-ji J oli^I>-jll y* JL>JJj .(_£ j>%>- 

Jjjlwn ^»U tuIprjJI j^pljJJl ( Jl e ^il j\ JbJLC Jj 

J ^1 .jLjjJl a1 >-ja J ^diL jl$J-l J»*sr (jl (J_$l>- Jj 
i«jl*Jl f.1^j^^aJl cJdcs- JUis .Soils' L&Jjil ^Jl C->UaLl>-'ill 
JjO B (-\J Jj>wj (jl^OJ ilJJWlll ij(Jj 


. JJUl (.-a./?;!<» 

f. f, p, ^ 

^liJ tljJfcl s-l^>-l li>u Jl ij^~J^ jI* Jijl 

j»li <.ajIjlJI J <t# ^LiJl jb>iSl x*t >Jl yb J bjI^>- (w-JJ j 
«■ «* " . * «. 

J cv__»Ij^ jll J Ic£lj ^jl (jJ^j tjlgjl jjjJcj 
iwJUts -li olSJ ■•X*ai Oji (jCj**1>*JI (j\plj-Ul ijlS" JJ ail 
• 5JjUJLi ilplj yS\ 4jj>xJ jjJiJ (Jj-3*- tjj>«il oIpJ 

* S' 

olJjM IwiA J Jp-ljdl j/wL*J Lo^J y*y i j Jja 
J —<?-ljj/l yA jJi Jjl tSj~" (jl j*Jal»««j jl cillij 
■ LjJ^ Ua>- ojLxpIj aIaIJ 4j| — (_<Jlil yA 1 /100 (_£j \jj 

il_*pO (_£ jJl olj j/1 J j jl I C-5 «-ij tJj^jl J^- 

.j^jj/l Julia J !-$-£■ j- 1 0^1 j (j.^— to^p^lj ^g—o.jJl ^UaJl 4-f 
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O^-Jl^jLo 4w-j15" AjJlIp . ^jA> ^>Jl« jj\ Jl yl ^ 4jI 1«Aj t j-Lta ^^3 

<1)1 .<JLJl <>m^llj ocLl^ c 1881 ^ J-o 4 jjIs£ J j-£ 

^\i t^uVl jJ isA^-ta Lpl ^Jp NI o^nJl diis 
£ji\ ^ tl*L*l otf ji UlsL.1 J*J ^ .1^1 iJbb ol Jb 
0*^0* 1_-J jA Jl jjSl 1 f-j>- k-^t—J Ifjjj . (juljj-iJl 

tJLij'yi jlp 7*~tj iiliA j^SJ jJJjiS'j . - oJjIJ^i>- <xJb»-j (_j 

4...A..I (jj.—L'XjLa itfj C-JlS^ .jL/aP^/l jrtp (_j 

» fr ^ ^ 

aS^JL** cLLii ^IjI j*pj ^ l*-^* ^jIj*aS ^• 

. (( ^>-^1 jjfc Lg*a ^ 

jl j t!)Ul5 ^u'Jl ^>- Oj^j Nl .u>-__j^l j^wJ^jLo J-«l jlS^ 

* 

<U>t>- y* i* jLp jSy ^ boU 4 jj^»«JI ‘CuiliJ-l ^y> k_jl5^ jji ( Jlk> 

* 

\y~j\j3 ^jpJb j3 jllp ^jbs! .LgJl l^bjLixl ^j^LjiJl 
LLUi 0 ^SLa 0 Jj /J iJ\ c x^-V 1 0 Jl* (Francos Arago) ^>-1^1 


^JJa+OJ (_$jjl |*4»«Jl *■ yj> 4P J*.I ^jrfiLS J j[>- l j ji}\ 

4P^jjLio Jl JU-I 4j»««la 1 ^>1 Jj ^?-ljl jlSj 

p, ** 

jl e-j.,<all jJuAt* y> jj-b jljAl! jSJl jlS" lij Li lisj *• yjai I 

f- ^ v (, 

Lm.1 (jLS" 1 ml - - C J -| J 1 t 2 1,4* L«P Vi * ^ • 4^P I S j 


i*JL j/l ( Jj eLsO t-yfi Jl 4 jcJ| (_i j^Lj jl JLiil yn jLi 

^il jjcj ^ UjjJl jl A>-J LowUp • 4p 


^ Jaiii JjU^ (jUaJ LupI jl _^"ljl 
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0 

L^*p oi>- ip \ Aj^Jii^J\ d)l_9 cCiLp^^J l 
J,| A ^?jj (Augustin-Jean Fresnel) Jciy jU- t y~~>-j\ aJdaJ 

iJJ g —J Z*>%~J _yu'^/l (1)1 {jA Jt-Pjll (3-*-® -'■_illsi 

* * ** 

Jj>-ta Jis Lu aJs le^>- L)Li tailfl! o£j^J»-I (3jiAJl ^\P 

1)1 AjIAi ^ja L» . ob-jJl ^3 ^L>t la.,/?! ^ jf . t . ) a 

.^Jdj jS Jj>- ja»-ljl 1)15' (_jjJl ^j'ill | 

jj-ldl laJL-o tjj^a 1)15 cLa ja-?*- 1 j->-1j La Jup 

^u^l Jl*j4j *^sl^a jJuLi JdC.g- UflldJ OPj~a (1/^ 1 _/51 ^ 

i(_sLLi Ja*aj 1 -La (j-labj .^l>-jJl J.>-ta jj-^aaJd 

^Lia ytj -ojLbdl Jabu. Jp (_iit Jday Jy A>- Jp 

^>- clijjJ^ 9*^/2 ll pUajj^ 

.*1 ^ ciU^ t^lil ^1 

4JjU*-l ^ii Ji 11882 

1 ^ I ^^»vJ ^ I I^^wj I ^ 

p ^ f 

0^-^.L^jLo IS tJ^Vl 4-«lp . I^j Lf-I Jj| ^ • a _i_3 t . il5 

d.ill C..j- o*Lca (jj5\J jL^J ii-li) ^1 jjill (_j p jAP j-a> 
iil)Lp Li 1 ,J^”j i5jLb«jj t(jUi Jj«jj .(o/J—a 186,320 
3 jlalll Juju $1/^ 4 e)b^rJ ja (3| jLbiJLi aJo-j (J^b>- O iil»C<a 

.jjftl ia> 

ijwL>o ^yL^Jl ^(Edward Morley) J ,jja ■ijlji} (1)15" 
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Js. ^j\Jr J-^rt 

AijJl JbJLA tilp tejjl>»il OjjJjj O^wjj 
<_$ j>-\ ijjUi <Jp |»|jlSNl ^Sladl j-P <j( <Jp (jlibJl jijl 
^ jtflJl Slj! U.la:.., /. U ^/>U Ai Ikil >1 oli£^N 
N_j tfrl(_j oU Jl 4-iliA-i jl> .l.-tf.T J-Jj 

jjl .AiLLiJl -ciVi JJS VI * 

\a j j*£ 4j y£- I JU p .<Clpl jA Ijl>- 

<.(■ j+ai\ ^aij tiw^Lj'ill <*JLlo- j^e- *111 ^-^ 3 -> 1*15 

^Nl <us il(_$J l!I oi^!l j jLJl £* o ix^ ilyi *^>- 

J.».aj j o_^S 4 «j d)l iJtfl tciUail 4 jI^. (_|j .jLill Ju<3 

y * w 

oJLa *>LoLhj tlJlp- iSjliil ll< u<3j li|) .La>- *lil 

» p, p ^ f, 

j'yi l|i! ^a _^>~ *Ums> jiJ IxSAj LftjLlpL oyfcUaJl 

+ (. 

(jjl LajLxpL 

JLA3 .4.^2 4Lp J Lw**< ^ ^ I l4jI 11 *b I 

^j^Ul 0>“JJ (1)1 O^IaIpN tiajlj 4j>-|JJ 0^ 

d)l (3c^b^UXl ^ 

Jx^J.1 J j^il l§p -jj j^a jaj JJ%LK J jAit l$Jl J1~J 

(_9J J^A ^jA lijJL (_^>t~«J 4j| ^y> C-Slljllj .^>-1 (jl^“ (_$! jl 

_li jjwO jj..I i^jl< Lv U.A.)p.4-^Jp f-l^ r -—J (_]^lLl 

^jlji (jJ 0 ^*«JL^jL» <1)1 (_j ii^^iJl j^a o jjL*. 

.(_5j^l aX«p 
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OLm ^ La IjJ f LZJyyff 

yA J^Iaj i)\£ JJl3) . jLa^fU ^Uaj tjJUa (jlS* 

alp Jii Jaj . (Ia^* ^fUl ^ 

.4j j>*i]| alJbCL^tf^/1 a^aI ^p y^j J**a 1I ^1 O^-J^^l- 4 

4^*>jJLd ^>- j^a 1886 ^Ip ^43 coJbJL>- 0 -j<A^- JlSJlip 

^1 oilojJ £lial-»l U (\,\ j j^J^oLq toL-JaJl ^^1 a)I 

*» * 

(JjUt ^IaJI (j OlS' cl_/ j>-Ij .0 J*~~iJ 

JJjXo pj^^ll (jl^ la| ol *5b! li 

OlS'j) • t^jy* lJ^ «-^>“ ^Jp ((tJljL aL c^i J 1^.«—4 j 4P^~J1j 

.L>t^>w 3 (j-'J ‘^JUa jl Oj^Jl^jLo JJLa 
Jil x^i«iJ olLLi-'bM Oj^I! jliUJl Ai£l t«jil oJuk ,j 

M< 

c.^S~jj .^J^-IjiJI ^^oLwLo li ^<s>^jCj jl (_s*^ oLiJbJUl 

^ f, (, 

Lj jjjj ^IjlSI ^Jl ^»*jA-I ^Jp- 

a^aS^ ^p * u JL>- i«l^ a> 4 1 »,<?“& c<w^14 ^ 

ci^ cs,*^ yLp' -bjJ-i ^ ^<w ^y*- J>-b _*ik; 

fr * 

'ih^^JaJl Jm£/0 ^P 4,..w3j l)I^J 

( jja jaL^Jl ^j-^aj ^ 4jjl j JS* ^ <LJJIa« \j\jA 4i 


* * 

jiLII —^jLwJ.1 JjJs ^y> JjJj l* LLoj 5ij>- Jjl>-jl ^L.yx« 
ullaP iillA jl5 .LoJlS 36 — Igjto ^Jalidlj 5S" ji- 

oliL-ll (j^Li Jj«jj .o-ljil ^jA 5j j-,«fl«n olj-nil (_y^“ jj' : ~ ' *~ 

A^JLp C^" 4-taL^-P (^*^9 — IjI jil (l/u 41 ./>UJi 
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c--^Jl yi_ O j J &U *jjj£ 

Si^o ^ "l jj/j LUoj Lo^jljjjl ^Jjcoj l-M*l ^jjJJl 
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0 ^bbfyjf lZJ yjf 

4 ^ 5 <3 ****** 1^-1 aJ«aJI ^jA 

.4j j>d\ l*b 

ZS>-\j OJJ^ cJlJL <*3Jb *ia-j ,li^>*Jl J^-|jdl ^--iJLa IJb 

jy£ j^i *i>"l J .jLjJLl <w-ol>cJ jL**j t^plS^ 6 J5 

^J-P ^ j0 jJ-l J^"l«-llJl ^1 <U$I^II <^> j£ +*A j 

• ^JiJl cJLa-9^ -4 16 <A*P ©*•!^ LJjjT c4j ^xLmJlI ^Jlp 

<jj 0j^iaJl (J t jJjj 12 8 {jA lJlo. Jl (Jj 

cJS ^Jl J jlpl*JL)l :>Ip Jiii . ^1 I^Ihj jl j t*LJJ 

tal If Lai>tii (_j^J aaIi^- <J^>- c- , 1~p ^>-1 jL^o LjIS" 

iiLft y& jl ,^5^ vijj^ y*>y^ iiyljJl iS"jJ-l cJIS - 

« » 

o_^«S 4~qS Aaj ; Itla-^ JcjO j I »l-> N . v_LL Jj y ®«t5li 

jli I JJ • y^ l tS\ iS^Ji iSy>- ^ yf-yj' s l}\ y» 

^UjjI CjULS i_«,lla,o y?y^ Adllall aS j^-l L«# 

■y>-f-'yaJii] J ^jj tl $iji j^Li 
Jy Ojy\i aJ y >-1 J-aJj Jj_^“ J-A»lj 

joS/l ye- tl^J! aJU-j (Dayton Clarence Miller) 

Ail jJt»a (J^ Aoj-^ Oljl..-ttJ Jt>-(JLlll jj—olia 

y> y^ t j y^^tj a_«^j jjL^»*j Aol jjL! S.ili.1 > a..t.~Sl 

.aJlp Jallf- C. li».>- SjlA >~j3 J ol^Jdl jl 
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J-A-l ^e- IaI y>-\ j j.w1.^jU i_j 'JJZ- ijljJS\ ^ 1930 ^»Ip <3j 

.(_£ j>-\ oy> IgLSi y ^^Jl a-Jl^j^!' ^jbiil 

Ji jlS" to^LiJl viJJj <j .oil y jij 

■> f. t. 

. Jj ojjL»- ti-jU aJLUJ LI jL j>-\ o jA ^yy 

J y\ >A^“I 4^uSl I .^PAL ^^pl j.L .s» a ^p l * ■ ^ . i (jls^ A*^J 

lgI aji»- j*^J J oL t_jjjJaJl Ljjij <_5^^ ti-j-JL^-l j*Ji*Jl (3 •“ J lf~«-’cJl 

. ((cLl! IS ( j^j 1 

(_jJL!l jjIiJLoL ajLSJ j g -* I jl*j 1931 ai^i o_v^LSLLa jj 

AjuJlJl AjA« jlJLi-l Aj^Vl A_JJ A-plii-l AIj^I^* <>— J ^~~3 

£ Ml 

'b/ aJI t^^Lo jj y» ^jJi*j}'.]\ ^ye- tL_il _Lb Oj-~iSLli 

i5^>»ij Ujlio .^jU Nj cc-I.^a.II j A-jiiiL 
ojL LjIpL* iJ j>djj jl L^.li ciljil ^j/o 1 o~~ tj^l ^c- 

.^yULl-l -L>-jJI jlotil ^Jjp isUpJJ ili*il ( j^» Uajl ojLj 

.p j .< a ,JI ap^ipI 3f 1 t-iiJjj ^vpI N_j 


17Z 



cLujUs j Wi ) lo (JjjLls 



^jO 4^yj L z —> 11 ^J.ya31 l)Ij jjL> v—^ 

v ' j A^> t L , -11 • 11 ^ j •» «/J > s_^ I < 1 ^ ^mwJ ! 

9 »|» ^La jj^2J 4_^>- 1 

4aJ jiail *Lj! JIJLl^l 


C*j^>-I Aj^>*lJl <jj9 ol *X*j SJUaII Aia^-^LdJ <W»^P 

jl iJjLw <1)1 (jj yu>li .aJip 

* 

**> l 1^>- tlA ^jl>tjJl ISjlJL* l)^$o 

. AjLp^I^ A ^ AIj <*.Lfc>t-j! ^Uo ^ ^- 5 * 


<—J jJ-fts J>Li/ ~ 
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oU jJA dUj <L>Ss>*Zj ytj (Pavlov) uijiiL Cjtw li| 

ciLJj (J^" *C-W 2 JI ai« c..U^ oJc>til 

o*>LS* *.Xji 3 »^-^-1 
(^>>^P ^jjl) *>*^1 (oOJl) .4«oLp 

^1 ^Jl ji) U^djj (c5^^0 t(j S . ^ il) J jSj^j 

- ^ S- P- 

/j^Jjl Uijl .iilLA <l)lSj .(‘*—•»! jjJt) t( 

t^JujJl ^Uj t ^Sj tOI jJl^-JI 

iiU-A OjIS^ \^ . j**£S\ JJ 

* 

y*^ss>~^ (aj^u-^*>< bw^o) JL^jL L^o-^l ^->^^11 ^y* A&yc*j£- 

cjjisL ^yjuLa Aj\ Jli __15 iJbjfe l) 1£ c4j|jJl .<1)L>“ 

*■ * 

jV-^b <-ijli <wJ^j .L.y? iwJlS^ Lia^ojj lU>*_A jlSj 

.Xjy JiJ j\ (j^L j\ ii jAjjJJ* 

<_5U>-jJI oUl j*s>- {j* Usu>- ^sjl cJl5 jUoJ 

ioij-lUl cJ:UijJl iil> M- 1 oUljJ-l aJL^l-J Jljj N ^1 

C_S jjdj 43 j la /> I 4pL*u ^..^JLj- 4jlt«_i i_3 jJLsLJ A —’ J L) tiJJj (jl^J 

^*> .^isi jLjJ>-l oJal^Jl 4 jL**jIj.Aj 4jI.X* 3 . L^-LaP AA>j& ^\,\ 

jLj^- 1 A-Ua (_j AwjUoI oj-Sj JiC C»Jlj L« i^aLjJliJl (_£wU 

f-Ujl — j»Ja tftOlJ. 1)) J-AdJ Ojisla (1)1^ 

AoLxJJl a^JLp jl ASj jA jl AjJm-« j^ju 

(j«>-i j^-\ £\y,\ *X»-1 <i -lU j-UL .l^LLii j JjI^-J l 
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l— 9jJjL u LojJ 

o-ldl killj J-jasI <L»JL*^ cJj^ j olSj ti 

Jj-jJj ijl Jl*J Nl l-Lli ol-lALii.1 jij .0_/\iS (J 

f, ^ £ m 

, 0>!^0< jl Ijg ■* I JLiC oa^jJlai ^j*a jl y^-\ 

jL^i-l cli <J_^ Uxp t^jjOjiSl (JjIjI ij 

<Lali^/l JjLiLa .oJloSI Ji ^Ulll aJI>- oils’ t^..^»»ll 

* f. 

.UajI Ji>JJ iJU»-j t-jjl^- oLIj~>- oijLstf tAJLolSCil 


•JLgjJkl f-lis (_J ^<u~Jl 3 o*-j£ ojIS mJU*il ol~JUL| \c~&j 
aIiA) ^y£)jj jl iljl La lij CL/-* , -jjlsL jlSJ 

.Jaj Lg^lp ^JCj 4jOP UJL 41 g '. • *J 4*j>- 

£■ f- 

O^^>-ljj ^»-xl 10^aJJj (l)lj~>- ^j-LXj ^jil Lo-Xlp)* 

^ ^ p p 

• <3 1 L? > i^ J I ^ j. J ^j2j <> <|/J I j L i - - * jj 

^ ^ p ^ fr 

Jj . «4 j jZ ~~U <LaJb»-j tAa-ita^JU LLIp ji^waJl u* jIJ ( J-«-^-l 

J *. 

^LdaU Lll? La j>*jj <U^_3 jf-^1 olll^jA-l JL-ja illpl ^llp 

a " 

oLI(J-Ju 0L ojJiiL Jr*-*** tLfci^b»- Uj 

.0 JJV U aJ ja\ iij^oJU *)! j~PJ 

^aaLj« £J>LwQ ^ysij o.iLjai.1 AjL>-^I cLLL) OjIS 
* • 

<.L-jj (j ■ ig ---ll ( j^o Ipj^- I_^IS jyT oM oLt 
I*_a j jJoj .IJa l)(J jiLJt (^U-jl ^zJa jJ Ij 


J \ C ^L-1 {jS> Oj^J La JL*j| O jJUL OjIS 

jj^n os ^ o j^®Li (jj j-it *_jL>x-j?i jt Jj . 
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jjJLa£ Ji J*aL*il jl fli j < •/9<° jl j*-pUall ^l*Js 4^jli Jp 

jJJii ^a ivaJL?xi»J>! iij*i! jjfc Ju>-jil LjIjp • <_$*“■k—<i-s<9jJl 

>_i jIjL ^-j'yS Jp o^xii -Lii .t_jjl>ti!l 

* * 

JLx-S^ IjUu lju ^ilp ^Lal t_aU\ £jjj Lg «■ ■ * y2j J Ijjl I al«-^ ' 

• J>4jjl e-j^-\ ;^>_^>«JI 

p. f ^ p 

4...^iT J jjj'^l I 4 L 4_o 15 L—^~AI jl <_j jlsli (j IS" 

j^ill *-l4L.‘.>!>*' j kiiJj jlS” 4 ^^jjjIj ^-^l .4Jl 

(Dmitry) ^JL^j. 5 a_p-lj (Evan) jLLI jl5j t^^p ^ibll 

J JjL (Jl Jalp ki*->- jljLj J 4*J^ J jLojJb 
ijjill 4^xSj> Jl t4jljJl k _.—jxj tJJL-ii jLLI jlS^ tjSLJl ^Ls<aJl 

On) «^ljS/l J-spI* *_jliSvJ 4iaJbU 4~*>J Jl 4^-jUl Jp 

^pjjJ <_$ Jjt> frjyr J| 4iUp| (the Origin of Species 
Physiology) «4j^UJI SlJj L>-jJ j-—i» (George Henry Lewes) 
i5Jl>-IjJI c-Lap^L) Jajl _J-L 4 j»y*ji <.(of Common Life 

«^il oL-5oO>)* (Ivan Sechenov) *_sJ j£y* oLi*| *— >bSj 
Lsii^J.1 iolil J »_jjai* jJ»j <.(Reflexes of the Brain) 

.juiniii ejjjLi ilT ye flS\ ji jjl*Ji (ji- 1 

jlJ Jl l _ r Ja*Jl iiji^ J£ jl OjjSj~u (Jj 

4,L/?,P ol^(J ~Olw^)U< ya i)j$Ci 4 La i^j\sS 4jJUa4 
o|)) ii *_ 3 jj .^>>1 3 ^"^ LfewO jj 
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t—^ jJjL uLijJ 

jj ^il ^^>*11 Jgl.JL'.U <u>-jlii-l oljLi^l ^3 jUa>- 

^««>l j\ 4j j>e^J l^jljLil j\ A-jUslp jl 4jyS>- t^jljlil UjLpl 

ioJjt apj^j»J. Jil jl jS I ^yilJL! t _ y A la £~ji jl 

.K^^aJ-l j»JL*j C~S“tJ (_5^C J ^? 4 JjlA ^l^a 

tljili alii y* e^ll>- a ^ll Jl ^Jp I jlaj lajljp 

* 

AJLj llj\j$tyA JjuJj (_£J ^*Jt OO 

JJl^- ^xUl AjJ C-Jj (_jL—■>#; i 2 y> j^JpI .AiJi 

^l^JJl jlUl iJ Jj‘~' ^J-' J^aP ^jLf^JaJ <U?-jlil| o! 

< a * — 

,((|^>- Up^ i_ JasL-Jl jt-w-J-l ajJkUaJ jl jjj A?^i- j'i/l 

y/2*6 l I ^I ^ I ' AOt m> J Ijl^fil (i I \ I 1 ■ ti ^ 

^ i*J ^^ ■■*!' A Q »a i ^ j C ( j l*Jl jhLuM^Jl 

^11 jilvaJ 1)1 yA Jl? j_jJl >_4>waJlj (_»Z^Jli .A^j^Jl 

(■!■.•>- liliUol (j CjL? 3.I cJ*Aj fcJjVl Ajjl 

^y^Jj . J^*iljdj j»-Aj ^J> ^lii Jl jUiol J k_j|^>Nl ^Jp i jJLi-l 

^>-'yij JrJ-l Ju (J-£j Jl? t^ljJl iUllLa ^Jp (_3jJbl >_lo 

. A2>- yju> aiil aJ J_/u Jl j_^P A-J^ll JvXaUl *X>-I ^a 

+ <* t. + 

Jjb llaip | < ^3 J^»j Jlj-^“l Jl 8 j£aj Ij J$ «a Jl? i|j 
<J iwaljjJl jU«l]^U 1870 AX*a J OjA*>Ul aJ? l_jjJil J y 

y 

lua Uaji^j ^ ^ 1 ' l 4 Jlp '^/yJ ^ jlx» 

jl?Jj| iJUAL) Jl? ^JUl (Mendeleyev) Oj (Jp aLa-5Ul 
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j'Ai’jfl ( _j1p 1—'jl4 j'P-P L U-’r^ 

ajUsj pXe- £j jLLI t SJJ^ ^J-^r 

(^■JaJl 3 b\j^S>^\ 4 >-j^ (U >-^ y-~^*Si. ') e .1 - ApN) 1 

* 

jlgji-l jt^sO i_a-S’ C.>'...j ^yJl 4jjb*«l) IjjwLaj oliall AjLfi 3 

11891 ^ip 3 j .>_i cn 31 ^jji £^j>j ^jJi Jajivs 3 

b-PJl>* ^-j^> tl]l iwJaJl L>- jJj ^ . >- 6 l l ^ 1 ...v..j j *■,• -i^ * 

— Iw4jUs J aJLJLo JaJxidJ b>-l4jl..'.tfj CP-LiuNl 

I bp ^Lt-5 ,* -1..o j)) ^ .<ul I^JLp ^JUpI 

. ^IjdaJl 

<_il*Ji!l jlS” t(_JiSjl jbJ 3^ SJt>-lj A^flJ (1)I 

* 

AA.lai |»lnlall *ulajcJ j£*>i^lL IWjJJt (wJS~i>«bL] p-Lo 3^~" 3 

ojLaP* jjjp i* 3.1 .iljpl teJj»il 31 AjL ^ 3 i>-jj 

* 

4...,. -? P O^l—*3^ bj^l (3 ^illA . H4 ■ ^ .t ll 

^-».>JJ <U^A) OwS jJ! (J J^aJj ^l*JaJl JjLsO 4yjyapwa 

jl J*sM jvyaii iajt)U! oJL*il Jjl^yu 4y*j^ll 4jiy?^ll jl ji')} 
.pLLkJI Ay?-j 3 (—*1^51 aJjUii Sjt j_^l jl j*p»Jl]I jl ( jJUl 
Japl .Lsdjl j^-l Ijji iS^Ji '—'’LaUI jl31 Ol (—5 jAjL Ja>-*il 

i_ 6, 1 * 

j\ uu .> ^j^aal?- jl Oj_ 3 — blj~^*l 

(j pill ( j» Oj^cj ajl^J LL N (_jLaUI jl j — ^Jl« 

^ caJU-I «JLa jj .SjUJI Jl^| AiljJJ jLJUl Ail^ JjVl f Ull 

jl ( 3^Jlo ^l^il Ijjh jp® JjjJ .AjJdco oljljil (_jl ijbft 
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jJjL OLLI 


.AjjjO —.-1 Ljil 

»_jUJL1i 4...^^ ) 4^l«^ ji < _ 2 l . .■> ~s* 

> * 

oJL?»-I j ^ obi 4>dS cJlSj tljJlit jl(jl5’ . 41^*5 yj 

.jjC' ^-A~> j*j 44d>-J-ll jl (j^bJl £jls>- AjjUJJI iJjJI 

d)l -i >-j <.^-j£^\ ^LJl jl jjij 

Ob- oJalloI (j«»- (J 4a-l>-lj ojiai ^ jJjl'-^-’1 y*&>- 

44—Jtj ^>-^1J.—4.11 Jjla'ALj .414 (_.15jl ^ojjisl) ^J> e-ia ^^j| 

4j ^—a j\5l jJLil tjUt-l J»iLl jj-O 0^—5" *—<~J'l*J (Jl»X 


Jjtdj Ig^T—1» J5 jl5 Jlil .j^>JJl J^4 4*vgjl> 43- 

.4ll»j (j!jo £b®d^l la ; .^l jjJalll 

i)\J>£ -^-y jl ^Uii i_9j1sLi 4_.i 5 

jjl y jJUi Loj 4^*iL£j 4^jibj-j 4 JL>-IjJI ol y c—L» 

2 

jj>waJl ^£* j-Lo •A-jp' ^jli ^^Jl 4-^"^)lib| ^^ill 

4 4-jl.o.jCll .il^il (_JLpl jwXj (_^JJl 4—jjJ jJjjJL 4jjLwJl 
oLm*^jc1I .L U^l»I kwijoo Oi 

=* 

ijLtf- (_j y^z Ijj-LsJ ^jj jJlsL) jt>- 11904 ^»U 

> 

i 4. _-<l La ■ 1 *..p 4la ^ j^Z jll 4 9 1L) i y&J 4 j» -i-^ AI j>- j—) 

s * * p -4 

^»lial!l oLj5Lo l^a li^^a Juic-I 4j| a Jloj l I ^J.o. ^ 4 

jjLsAJ i LjI «^s<sljj| (1^0® 14.>o.*.>- 0 jCj (_jjijL Jli .CjL yi jh I 
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.lal' Jj&Lwj 


j ji viJUu illji . <L> j~&^~ £"lS*l y 

U ^c- jSjj ijlj ( j j> s^^jJ —*y-l d)l k —® 

jL^Jd LUJl f-lj^-'bll 
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i_ *jJjL uL&jJ 


jl ^ilj tj (Sjj j jr 4 u^i / ^ 
jjl 4j>xj \jJl jj5o Jjb >L»JLj| j jkj j! yi -I /*j ^»l*JaJl 

p ^ p 

JjtdJl Oj JjlUj jl v_>Ul 41.,,-?aa ^j~>- jl ^UaJl jji 
. ft4.-..fl'i oljljil» *—i9 jJUl Ifcj^l U toJLft 

p S» 

oJLa JjJt*j — jjl j*Jl (_s*^ — ^ li^A>- 

4^-c—pi^Jl jpl .®4-J^^JLltn I 

Cjljl ( Jjil~uj caJlP olj^ajfl j.LftJlxjl tj*j>*JUl ^2^4 

^_i . ^pSvjijuJL] ft d.. S )) 4jjJ jJ j.:...^ . >_1 $U 1 y jJ i_jL*JJ1 

jl) £j>-juJ jl |>L>i jj4 jl jl j»^<JJl 4^w*J 

j j.,<aP jlJLo jJp j ^laJl .oJLft Jj<jsJ| a.ij ( (( 0 -S Jj jJ# 

** 

ILjb 4—ej\i jl-Lo “l^**■^1 C_4lSsJ t4J^j ^n_a lo Lp^jj iL 

jlj^i-l (_£jJ OjjJaj Jji3 t4J^*j jl^a JwW^U; £4 ^y^-l ^yjl^Jl 

.j^JbcJl ^Jp ej-Lill 

'."... . I ' 

iL.. p..p4- i a^pllajl aj»A y^jiZj ipj^Jlil ^^pl ca j£~a 4jL>- y* ^ 

" 6- 

4jl>i J^-Ij L^jJU v—fl..,t,5cj Jii ^J| jL^s jll jj^ay 

<j£-jl^i»l Jl*j i_jL*JJI jljil ^p i_Jl$ 3I jiis .k_iSjl 

p * ^ 

4ju*j ^xsl# jU jJ 4 -puL?" Jis 4j*y Ijl j£jj Ijlj4 j*J»«JJI 

(wjLkUI ajjiil ^ap*^-l 4 pp*1 Cj jil lili -*aj y&T 

(j^ljj j^ j^*j (_^jJl UJ ? 4 pT 4 
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* f. *> 

:Ub-*y jJLpI Jii .likL>- Jlj^Jl Ula olfT jJiL 

Uj ?l)I^ 2 >e-U jiUl C-iJjj ^ viJdl^J oljjil (_£U 

o' f, 

<1)14j |^p cLo->Jl>cJJ L*wL-a>I Im^cJjc ^jLftj^-i 

J^lao tli-^T \^ iA^Ju Jjkillj c±JUU 

N yjl ol J ol~J>U ^JuSM ^Ml 03 S 0 vl» o^lJt Jp 
£. ^ ^ 

1 aJ Jo d)l *JaZ■ - ‘ N La tjit (jlj ?Ls£Lmj ,> ^ ..<-3«j ^ s l)jj>. laT...^ 

.«?>SU JLjoJUJU-I ji 

.^!Lj jJL*ll Aj^JLj Jaii-l Iji) Jiai 

j\ ^yiA^jj fjJl 

4(j^UL Ja?-*y La OljL-ajdl <—kS 

f. I" 1 

pLsAp'bfl (- g lib J ^iLp ^^3^ . 4 Z>kj 4j^la Q=»LttjT *j ^jLs 

^.../j.»,ll jl^JLl i ^y> LLJI p|ji»-S/l I o ix L ol La IJLa Li J-&& 
(_j IjUJJ ••■* U^~ (_^ (.J^** l ‘iS^ 

^1 I^Lxao^I oUIj^JJ <uU-IjJI 4-HjLI J jAj 

4jli 44JL>-^ll oJlA ^>-J .4a>^3^JLll iJlJUl <uJL>- 


laJw? £-4 j U jIIp LoJJJO 


j£jy L Ajl3yA jOU ol (1)^1^ .<LoIp 4^J-P ^^aLLo Jl>d—*>l Jl5 

C 4-flj LmJ I Ll»-U 41 >i^3 1 O—C 4-o jp ^-*-A Ltf-s ^j ^j*o Ijxi lo 4 -mo3j 

^UJi ^4-»^^>"J) 

. «^LSJI Jp l 9 ^I> ^kJl Jl ^UJJ JoUJI 
OjIS* t*\y+*3 .c-sJiil ^5 0^3^Jl olS^ 
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jJjLj oLtjj 

j\ jl OLwJJl O^Lial^>4 LaJj£**J iuLaJJl 

^a <da^>til ij-* oljLiJ <*j Io^>-lj 4j>t-siJli 


d->bol^Jl 01 LfloLi* o ^^3 0jill <j 

<to-> oL jtJLw 4 jJkJ tij'yi tl^>-li^l *»iAJS j \^> 

ft ft ft ^ ^ 

LjiLw>-l L)l {j# l»-ft' j^\ .jJLJl oiljul «u Ls~<i 

IjJ^ip cl)Li taLi^uiJl ^(jl^Jll tl) 1 1(^9 A-^—)bL-a 

(_j CjliLl^l Ojb .JuixJl ^Aj •(_|^'^ ijl^ Lgl^—j 

^j-o ^-jJl IJLa jJp s-liL^I >—■,«■✓?'I ^ c-Jj»»- Ji u_ijJi9lj Jl^p 

aJL ^a J_^ a -’ ^J-i*-!! ll)1 (_^(1 /^® -4-?-lj.Sj*yi 

u-jlpOj*iU iolil t_ j.LA- 1 ^J^oi jjJ c. i . f> e-Lyiftl 

< j—o-'>- ^*Uj u jJaxJ! (3 L*'jJI JuvaJ ll)l ( ^Hi«.Jall 
j*Ip £$.sLa# ajI^ - <3 1890 b~* j ilSlbil tJJiJ (William James) 
l^-ii oljjJi j}» :(The Principles of Psychology) « ( _ r uiJl 
(1) > : C-lSb li-)1j) ...p OJj^Al 0 jMwiU C^-l-1—Ji ( r ■ * *« »|^ / ^Jl 

^ ^ ^ « ft- ft 

La li|j .iojp ^il^a (J llSjpo C-iipj C-i-LLLi>-l (1)1 -bu Lliail 

< » < f J 

<U/LSl] li jji ilsL—; ji Ai-oVi ®jjiaJ® •*_£» 

.«boli^l j oljUl bib iib^l 

oji 3^ (ji 1 j»-(“| (_s^" jiAm ^JaJL -Li! 
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O 4jta 4-L^ . uLp jl^p)) 5^^ 1^-4^) ^L> Aob 

* (. 

:*&li ( y-^>^>- ^j~^ y T j~-*j .jjiai ^yAj i_r"^"'^^J t_i-l5oj 

<1*4 LgJCM»J>0 4jcO*)/lj iolil CjIjJJI C-Jl^-i Ic^J® 

Jj>-|^ 4 ^ . ■ , *J «cJU*P J-*-£j 4.1 J.«.l I cI«t|^jL]i Qj^JLjl 

.«^5Vl ^JLL* 



^ l _ s laJaj< 1 (*—'j . jUl (JjLi; -- 'Sj Ji \> 

# ( _ r —iJl jju^ ti' 3 'r a * (*^J 


J J^IaJ ^ u—ii—i U £A (jj ljJl*j 

.j^Nl Jp 4]aJL- ic-f^ (_£l ^jlfJ ol Oji (Jap J*5 4-L>Uj ^il 
^ (Thomas Henry Huxley) J—51 a ^^U j> JLpj 
<LpL«J! Jl# : Jj \^ ojAliiJl viLL 

J ) ». ^3 1 I 

JaJii i I j-* d^i tL*~s4j| <tbj£ 8j jjli* L».Up j 

4JLp jiki (^JJl ol»: J-mS'U (^Ijj .<ljJi4*JJ I j£i~+a 
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i—J jJjL oLi>j 

illi-l jJJU jj Jj l(_£iljNl JaaJI *■ _ ■■* J SiljNl 

JLajo vlUa -bu) .ft^ j. \ dJQJJ ■ *Mk ll jjb <iJj&jJl 

4jl (Benjamin Libet) c>~J jyUtJj ^ji ^il i jUjjl 

.( 4 ...ai e-^giJl O-jI 

jJJi CjLpIjU <...>■ c4,^j . jjJl ^JL> j^j ejl—*J tbjl 

j 

:Lailj 

l /tH ^JLc- bJa>-l Lo lib) 

^1 ojl UlpUaXxil (J jjs i4j cJs>l>-l ^yJl *—9jjJaJl 
oLajbdl jJUj (jljj^l jj-« 4 ~aj ^Jp 0 JL) O-iajJ 

J 

IjLa^-I L^Jp (_jiiaj j_ 5 ^l ^all ^Jp e-li^~Jl 

(jl^oNl) jlS(Jj t(c~L»l*) ils^Ja^- j,_ml ^^ t i. l 
eiiij <j Jj-bxjj J5" e-l jj jl a lll <w~P j -—' jl 
icJlj^-'ifl ^a Jl>- _yL> jl jji 4 J 3 jJapxil 
jl ^JLill {ja jl5 Ja! .jwXl Jap <J jI£sSM 
olU jI^pIj N oljLJlj ojJi^Jl ^.a J^oLcj 
4«>-jl>- jjLfla*- LajUpL) Jj a-^i (_$l ^Jp 

0_ < rV*Jl > Z&j jl tI ^ ■ - a ) 4jSj jiaJLiJ ■ aja L-J 1 wLSvJb 

^JUl aJ^jJI 4_i Lh£Jl dihJ l^Ju^li: J5b LJ'^ 1 
Martin) jj} ^jLa j»—»I j isj jaIIj JJ?j 200 l^jj 

^ ^ P ^ f 

. fta^ij jjk^j Lfil jjj iJbl ^.Jj jl jji (Luther 
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U J^S toLj-sllU j y^ I a jjb ^JiLa (j d»>tJl Ojlsb JJaj ji 

. v —J £jUU 4-p yj)yj <djLj '—>M^ll wli>u JjJJ 

la ‘o jLipI J -b-lJ a^i t£ y <4 -*~iaJl jllp £*aj 'ill 

^Jbljlaj L)lJ^>*11 4^>“jl^-l ^J^jjJl Ojj <ju la Jaj jJ ^1 ii^UJl 


.((^jli-l j.[*}\ 

aSMs- IJLa jj! j»jJu N 4j| ojiiU iij^! b> jLp y> 
jl L j*...\a.\\ y*s .l^Njuj 1 oJUb ju 4 j jJai 

4jL>tI—a -La jl jj J t^J>*Ul 4j>ol jJ 4j L> r_^.., a I t, . 1 ^ 11 L*J 

jj 4al (_£jb ^yj^j (Jljj N (_jJL]l JjS^-li) -Lviil ‘L.O.'Ka OJj 

03jJl (j j*->JJl j»jJL41j l<C^Jj . (j*^- °J'^* 1 4>jlj 4jjj| O 
^ * ‘j- 1 1 4jj^^JI i I ■ Ifl ■ <m« t C j^~ I ^^-a i^U- f jl 

jljjJ jl C ^l..,<3 a (■ J./j i AjljOal i—>l*lil ilL»J ^Jp (jl J-l-l 


<_ 3 ^JJLLi oljj jl OjL j\ ^La ( j~i£ <ol jl lla 

|»wV>0»j jl) -i^y j\ tiilij iSjd jl ;ejLLa? jl l - l yy ^y 3 _jl 


* 

dll; JjLa Jjja.il (_3 10**1/ ,.,■.» -1>-JJ Ms t(ja3 L*j>- l_3jlsL 

ojjJiil Jt J toU-lj^Nl dLL- ^ .4 J,LipMI oU-ljjjMl 

• twJL^jl alltJ (_gjjta 0>li OijUa? c41aI^J l 
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aJL-»1 V_JwnJjUj 

^ t<uplijJl ioLuJdl JjuiJI ioj <Jp (JJab olS^ a^-A) f-^giJlj 

o jJJIj Uuisu<aL4 U«a*L>- >_1$JI ijjjcj jl 

j£] .3 frill (Jp ctbp \j>xs- A^plii AjL^ki Jr~i 
t#Jp- ol jUa!I jJ* J^1>JlI viiJi (3j^i ol ^-*-> 

.(_$^»-l 5 y> ^iwli-l tJIS U lil Jaas liwX^- Zjxjj 
^ jA ol^ aJI a*pI j]ai\ o-bJLi A-.-^iJl JuljjJl OjIS" 

jJlaJIjj ^-~~&a (J Cj%I 5 Ijil jJ Igl .&'ij ^^Jl 

^jA aj£L j|Wri J O'- 1 ^ jJI ( j^»j iv—«oj-UJl ^l^ll 

* * 

tiv)A«J lv 9 >_JL^JI jjib 01 }lJUj 

^ ^ P 

• Wr Ajl*J jl ^j^fri.1 !jA 







(J^-L 1 ^) ^lp jLp 

aJLxI ^P i \S i—<jJ L)l .yajJL ^yLw^-J ^j^a>cJj 

La jLp_^Ltll y*-L> l^-L. a *j-lJ Aili>*I*<al AjL*J 

tojLiNl (_plij lii^Lj Jj«jj .^ujJI j»-liJl) j^jJl i_.l<Jl p-l>J 

.aih ^ y .»j oi i— jL*j (ji s 

(_JKJI Jflpl ,^\ill y& C w ij 0 * 3 ^Jl jL^ ^>-1 (3^ 

* 

^J-__ AjL*J ^Jla..* IA*L*1?| (_isjii Laj^pj .AjLi.5 30 JlS l»L*l 

: JLoJI ya e-^lj >—ijijLi (Jl* . apLx v. a.^> ( JS^ aJI ii^Jaj 
y«>^j jL-il lift L$jl_J^L) AjI ^-.a.a 

.((Li ^v2>- N *^L>-I AjL-a^LAjl C~l*l yJl C-3jJl iiSClLa 
ijl^ Ail asjJI ^gr.a (j (-jIA^JlI <»_ ; ^>»II aJ^H c-JH 

ApUl (mJ^UlP ol^-l y pi*«« > - ^■■•■^.‘i 1 l'..,,^, 

^aasbJl ^Jallj 0 jjljJl (jyj tLf-jlip oL^-l jjJb j>-Ij 

y--lj AiJjJl (_j oyi 100 t3“^i ^Dl ^Laj^M (JjJLjj t(^LJLft)/l) 
y.,o~il ^p SjUJ) Lj-J(J o!.Aftjjdl (_J oly 104 jl 96 (_jJu 

JJ t ( ^y 2 .~x» ^ll p U I ^p Bjjb»*lil aLmi jil (^jLatUl (l^J 

/> 

aJ^ yu?- (J (J^" t—3yj (jy- F Ab^LhJIj C Aa*>L<«Jl 
OjlJl y> kih£ oU-jj OidJ <3*- Aalst (Octave) 

• lPU jJl 

* t. * 

bU .t^jbxJl oSa ^Lo (j Lj—*>UI p olS" 

f- + * 

^j-^>tll ^P b**^*J*o b k—JlS* 
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<— 9jJjL dLLl 

li| j\ tiljUs <Jp (j-Jl?- OJLpI 131 i;^>*l]l J-liJ j! 

<jSjj o* <^J • ty 1 ^’ '-$ 5 ' r’rV 

(J <ui>jbJl oljlj^-l jl ‘(Jtr -1 ^l^SI (J^ 8 toLil'y! 

y* SjoLvaJl oLJjJlII jl ti_j|JjjLp jl tojjb>*].l i_jjjJl 

J^UaJl jl t^jLiJl (_j ojlil oUi>^ _jl tojjlp Ai>-Li 

0 > 

4-/Jjlp Cj\yL» y» t _aJL. ii L» (J^® t Jil^lli jS- ij jk .ll ^>-li ^yiij 

l . 1 1 I U ..,/?• 11 1 ^ 1 ■ ^ ■ • -■ 1 i^J^ 1 0 j)A - ppp.l 1 J_w 

. «i_Ajl>tl!l .l.-aJj <u>iil ej5vJl t. o./ai i|^la..i>l ^1 

^li jl^>- ( Ji* lfh> ^Ijll i_s jJLsL d-jlS 

* 

jJcm J5 (J j»-Sb>*dl jJp ojlj-^1 (j- 4 IS^Uailj . jj—JL^ jU. Jl>-1jiJ| 

^ fp (. 

4_o ^ ppin. l l ^J-oL*JpL) l■> . ■ ^pL) » P 11 ^" ■ <v p/Jll y ^ aI_j _y\ t 

^LaJL «• j)s ijLJl t ~ -k^-l j .((JjN^Jl i-^ljJj a oUd 1) 

c_S ji- tlJlillj Jj^l <uili? C-A wj lj toLJLJUl t_sl*-pN 

.(^jli-l (JjUal! Oi y*-*J SJjJsco O iljlp iily» 

^O.pppgl liT j^JpLLo _^p JL*j ya i_Jjb»»£j| o-Ljl t_>*!A53l t Z.Sjj 
t j&j£- ijobdl a-pI jill ^Ua)) tjljjJl Jp"l Jb>- ^Jp t(jl5tll ^Jp 

.((iS" 


jLJb jil o^l l^S" t«L>-jJj-— a11 t_jjisL ^ j ® ol5^ 

A* 

^JjJl jJaTJ (jjJl <Jp It(Daniel Todes) y 

^Jp tit>x-JI t3 ^s C-i5ip ti_j jJlsL tjl ^il O^xIS 
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ji4 

4j^ A^jujl J-*Jj .*—olLo ^P tljL^sPjL^S>-l 
OjIS^ ttillj ^aj .aJLoJ^I <wJjl>tl]l ^ ipj^-sf (Jj ti*jJj eJL>-lj 

p ^ 

La^P ^P Aj ,i)ll_A 

CjIjJUj ^Z o.*j ijl Jj^jiHj ajjjbcaj ^_SjAiL C—>jI .Ail 

yj} Ajl>tX»al k_->L*Dl i!L*i| ^P Lg-jjJb AjcJ ,4~~*>L>iI A^Jl^i yi 
jJjSj jJj —i^y>xJL~J lyil -^"J t(_£jjliJl A (Jlill (Jct*" (_^ 

£"^pi tiltill l (_j i«^\p — J3I 

.4.1a....ll ojjjiJl (_^l ^Jp ojjj jLj>-l (j 

> , * / 
t Jl^CJ! ( _ J iapl tLjpLsaaj «lJL->ioLo'Ap 11-3jp Ujcp 

.^UUl ^piuti 



|I tJjbj (w»-j yj Lg—£j AyLy ola^bJI C-^^P L»JJ-Pj 

.yyu iJliA 
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<_ 9 jJjL uLajJ 

oLa^taJl £jA iJl jZ* fju j^Sl 1* J~*J 

VotkS' l,mHw>.] 4—JL^-U j^-\j <lL^i^ il 

* * 

yi g *mti > OLql ^il k^Lo^\-*JU U^J^> ^j-ipJ |jwl ^J> <- J 

. 4.>.j.i c_j jJUU JL- Ia£® 

l- ol -^tjj tujLxiJ! 

4^-jJ Calls' L» frllj {jC£-y±£- A^Aa^ijL\ 

^t-AjJl o^liil ,<JjLj jl t_. lp’bM 4 jwLpLm2j OJ^ajl 

p, •** p 

<1)1 C-dji-dlj J-AIpI aJ ^j-aj t^ylju ^(^jJ 4 jL) 

jJb 4Jl>uk Lo 0^ ^1 C-3jjCJl £^lll I^IA 

#" <** 

. lilp ojLjlpL 

<J^>- ^j-4 *j)>^>ll olj£ cjIjLjJI *Sj>- j|)> 

^» Aj» jLa'.M ^4 .1 'j oJla c»,mJ l — 

4 J u~. L * o Lfl_L>- »***! 1 

.((^4^-1 oLsl^Jl <j ol^a (J ^>tiJ ^1 «wi^i3l 

ijjh ^\,\ IjJ-s^0 jS* JjL« —C-ij-UU oj, 

* ^ * + 

^^>-j 4j^S ^%jJj <1)1 Njl^ UL>-I gla JLj ol5 —4 j^3 

^yis .<u]a ^JiJl oL~^>dl ^j-9 L»^>- y'iJl (wjLva*Jl 

(_jj (John B. Watson) 0 j~J?\j 0yr j^} tSJi>*iil oL'bf_^JI 
Jj£>-I ^xll iJjLJ! L>-_^ j£~* (B. F. Skinner) 

j 41 +a>A\j . JL*il <^->\jy* Jl Jap Wc* 
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Walden) ft jj odJ4 j I j j <. jl+^j ^o qIxij!«/ b"^ 

Jl>o ti-S’jJuJl S-uJUil ^LJ ^Jp ^UJ aJL^U OJU (Two 

jilp® (Aldous Huxley) (J—SC* ^j-UI i>ljj j oljiSlI 

aJ jjJl A 3 jA.*j (Brave New World) Jl>Ju>- 

Jj -OiiLJ' (ij ^jaJ 

AjL Jro J> j^o^JLi (_£Jl JJL*Jl <~JZZ / ^- a o Jis 

*!A+*/f ^£»L-I*yi t_3 jJLsIj t *Jl£S t3 Ai-i 


#> 0 * 

^C- SjJLiJl ^Jb ULi .5 ll>- ljl^>- Jl ^Lli 


,k_jL£eJl 


j^-s^ AP y*±£- aJ Aj^Q? tt— SL^* A-odJjla 0^3 ^ 

.Aj*>^ LIS’ <jyu 


ft ■ Ti pf W (rtSfsw^y ,'■■■'' 

-/■ ,.’r 
i Aj 

J j 

r% ■' 

1 ,; • 


I <XlUi«l I 



r.e 

' k 

■3. ? \ 

. :; 1 
■ ■ • < -i 

1CWPW 1 



c-ijlslj ^^5" 
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'jbb b){jLJ 


. . f. 

^llp (j JJlL 

t(Cold Spring Harbor Laboratory) ^jjU dJ jS 

iL>lo (<_jjijL Lui) jj jJjUS ^ Juk:....j oLS" 

. Jj>-*^| iLjis 3 J S'!jJL <kj^il li>»j A^5liJl 



■Jh /:fa».t. 
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L*..<>..j ®v_S jlih C->LloW ^_^<| C->l^illaJl ^jA JjJlnJl J^llAj 

.5oHI 

is j>-'j* ^j\Sjj k_. ./ai)) sjjill c>o.J 111935 ^Ip (Jj 

>_LS\J JliC 4.,i3'.4 l^la.oj (J (jlS'j . JLgj^il ,j^jl 

A »- * . l 1 A-ft l ... l ^ ~« (_^l asLs^^/Li tL^-J p 
j>*i JH» AiwU<5 j c)L*«jNI (j-®j ^Kil ^JlaJLs® !(Jjijj »_s jJLsLi 
ooI ^y*»k/Ai <jl bJ p LS^I a-Ijl# ^xjjIiJI 

p p ^ 

j'* 9 jt^ ^ l$\ br° 

jiJCj c—>^IS" bo|^Jj 4 ■ j,,/J ~i ^J_o Lc O.T>tj <- d ./a‘A I 4^9 (J^>-j 

.OiaUJ 4x£» (J 1 $aI j £I frill 
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Lait jj 


qIjlJuj o 
dLoldJI diUoloJI ^$l9 



jlSUu- Ojjjj 

ajjjJlj olll L^J jmLJ <0l w <9 LoJ) Aala.ll l ' . — 1 JjiJ 

jjLxil (^TJ |» j.ll (Jl?xil kiUi 1...—1 

JL 4jU! ji-\^ <J llUs (_£jJl cJ 

5-^JjJl Ji'Lill jl eijU-Ij . Jl 

«* 

L 41 ..<*?LaJI a alv.l 1 v^JJj *)L>- Lb ubbuti J . .. 2 . T .- 1 1 4j>-l 
4 0 llflll (Jjlii-I jJUl tL>A !La«-(jJJ Laj 

.4j»jI e-L*j_j <uLi»Ul^ 
1879 ((William Crookes) l _ r Sjj£ fUj 
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_ ^ f. 

ol~L*i! £ja AjJas j >-I ^j£- li>*jj tjjbj ^y> ci 

C.Sllail 3f>~ft (_ 5 ~ jSj U#J1 

( _ s ^-f>- oLUi ^S y ^y>j ;(Black Hole) «ol_^Jl 

ti ( llf 'i£* i#* *"* V cs*^®) 

Edward) j_^>- ijlj_ji*ll IJla ^jJb 

j^>tp Ja^iUj Jjbi .(B. Grothus 

* «■ ^ 

(jl^3 IJLa 0^^® L®l . LJl>- 

oijjujy jaj aJla+jh ^>-j A««^gji o ^>-1 p- 

i<d oUt.tf aj i^AjIp oliljpj cCjI ^-ijll oljJ j^oj 

i^^^l jUl J.\ 3^JaJl #>p-lj 

'kf^*l ^-.^Iaaj jl^l Ojli* 

^-^jLaiij tAjji ji-\ oy-ji^L? tA^pu^yi ijiy'iMj tiojjj 

<U-*«bA-l CJ*y^/lj tiJl^Jl O^Nlj 

oIaL?x1i 2 ^.is , ooo ( jp o»*y»« jujjj $aa*x*ji 

Juwiil Jjuli jc—Jl jj> (_^p c.-tt5~ljj 

• jr’U 14 £JJ^ ^ 

O J>^ L» ^_JLpl ^Jp eBay ^ y> oJua>- 4 jw.Jl y> iP*J 

j J) |. - j^1? '.^r*~ Aj jG~ I JI^Jl A^-L>*j 

JjSLi f-L^^Sy jl Lj-i ^rflsl ^yJl 1897 J (J. J. Thomson) 
ojjJi ® j ^y~»-~ (_y^ij tAi>tJL3i iJy> Silii (Ji^jji 
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lZj y rJ j 

* 

Robert) jl5LL« Cj yjJ Lip jts- <5^ tUUi Juu i>e>-bJl 
JL*jj ii jAa oli jj&l l$J Jjp (Millikan 

^£• i_dUall AjLp Cj jip <uJdall OlSjNl (_J C~A> Ol 

Fluke tJ yu A Jaiall aJIp iilia jJwia ‘AlP OlS L 
^J J <jj* .415B 

f, * 

Alljjlj — ^Uaj 30 Ojj OlS" ~<aj$ la.^j ujlil (_J.iLj JjjlaJl 

j^ill o L i O > (J AjI ^ j*Pjil J -A-^W^/I A*^jMl <Jp 
. iJlL ijl>- (j AjI |jb tip jiL\ oLa( f -^Jl ^]a^\y ^^JLaJI 

^ Jlyl tLy- *j4"' til ^^ ^-*-!J 

A3 jaIa JL >-y j! oJalloi-l ^ ,juLniJl5 oJj*0> 

t^jii-1 aL/jjJ ^^L OlSJ l*Jb>-l ^P tljjiP J* 

(jjJws JJ Of£lj 

t jA>*yi AjjJL- (J (^1 ol N Ails’J jJLA 

* p 

HS^j Alja>- ^p tilxiiaj 01 — tiLlj j^P 
jl tiJUl A3yull JLaj frUjjJI jU^H A-lgip eL-lil OJl jAJI 

Aiaj t0^.>- &jJ-\ \^-ji a _ » yS Jjl jJp tl 1 n 1 lai 

fbi «£*». 

L OlS cai* 3~ t_3Ic^*^ t3 0^0^ * 1 Luip 

10 (_gl t^ij^ji <jOo 0-U3 )) Jli .^.JnJ« 

i)llA OlS -Liu tAlojL~» cJjb- .AlaiJJ jvijJl cjljv^t 
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* ** 

jl (.hii IjN Ji 99 c-Ul ^Ll £3 y> <Jp Lie A.frJb y>jf- 

C,~>I—a tC.la.'*-! jl JL*JJ .A»jLII J-JiJ jJL ji 

Oj^Lp-j tjSlI (_^l # yc*~j> (Ji^i N ‘-1. .>■ Ljil^o (_^l SJu>-jjl 
^3 j] A^l^il JLp 0-43. Jais J~SL!l 
^I^Ip y> ajJ>j (Oppenheimer) j-*jtfbjl jlS” <Ly t^sjJ 
^Jp- (J,^>0 C-Jb»w<j tc-L.t.«JI jjJjLbj jjJial3~ A^jjJ! AillaJl 
Jlkj JlvS J -X3J .^>-'^1 AiUaJl jJUAa C-jjLJalj UjjJjvJ^I A^jja 
.*Jl 1! ^ I JL» * .<i *V 1 <uaI I j 


t—jLjJl ^yLiJjjiJl t jl^-L-s jjjjjl OjL> 11 896 ^lp (_j 

Jj*jx>- ^Jlv2j Ajtab>- i>-j.3 J^LI JU 

Wilhelm) ^-LfrLs l yy> i jvJ^a cj ® 

* 

i ~*bil oblS"j . jLJl-b J->-ta ^»UajJ L$kSi]l I jy> (Roentgen 
J jA Jj jl^LJu-o y^J toll'll Ajlj^jaJl jjlb (J 

fr ^ . * p p p 

Lj^l (fp’lj jl^i-l Amalia fl>-^w<l j Ua^-I aJI 

..s!>Lll jup aJU 

j ^—L$oU> o j<Jl *>c eJiPxllI oL*il jJi jj L>al*j dUi ^J-3 

OjIS Jj43 .a^JlaJ _/JtSL!l AjJl] <J]j La aLj-iJl j^Jlp oL L-Uj |».la«Jl 

joj.-.^Lo CjNibta JUaPO J LA>!^i|j Ob j ■ / * •' L? aS"( ju] 

.a. _J aLJ>11 j s-Li^5Lll tju aJL ji Lg-»lil oli^L*Jl 
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<j LS C . I -* lZj jijj 

4j jlaj I (J (Heihrich Hertz) _}Ij*a ^^Lii^Ia j 

La 0 T ^ ^-»U-j^> f ^v^n.^vj v ■ ■ * 1 t • • ) ■ . ^ U 

La t ( j^Jj .#• j-^JI £l jjI £jj Ljil (_£l ^Lf-UaiL«lj LaJjS' 

SI i*-il to ^II) Ajk£ yj> J^j O-^J-^" o jAUs La I O-'b/jl {j >«J 

jl» .Lii?l^- olS -X5\_!! iUxpNl jl LoXa jlSLL* "jL 

j_£^L 1 I iJLwJ j ^x>- tojl j£-\ {j* jJiiJlj t_ j^pjj 

.rLoJs <w»L*i'yi 5 JLij-jjJl 



4j^JLj Jj j 0 jb 


4juLJI AiUoI^lj llJLp ^ 7 j>“ 

JJLP jJSj 4jL^ l3 J^ 2 * 
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3IS* A?*-13 Jw*_a jw ?^p j«XaJL 4 -JIp ^Jaii 

1 g .m. 7^1 L illl j^) 4*l >-ya Sl>w> <_£J> Al>tJSJl C-JL** 

*1 jil ^P ^jJallj ^iJl ^A_*^iI OjIS* y* 

{■ * 0 ^ } 

1 wLwJ 1 L «) y+j\ ^fm<bmt^9 

( Jp^ j^a j — IXlaJU LJL? (j~£j£ ^LJj Li^J 

Ja ^a>~ (j <WjL^3^JIS C-Sj^- in-iNl j! Jj»j L» ^AjJ.1 

,. << 

dlls' tt_jiiL~Isbjui j La lijj .4.^...^:...^ 
t Jj>-I jJL ^jS Ic-^j . (^ujli-l Jb»-I 3| i_j y>c^j ^IjcJlJl 
.j-. Jw^ *—jIjJL^- i^>')iJi (_jiljjl SjLa (jl ly3il |JL> . LflJlj 

(^JJJjj . <(<oU.I CjNL?- ^a a-LiJL>- i!U»- ttUjS j| i _ r SJ £ pS-j 

.4j*JL1!j AjjliJIj iljLJl J AjLscail iojlil oNl?- £j.,<2~> 

(—j J& (^C- lafl.« tal !4 j1 _^S1 ^y>CJjj (_aJ^S ijlS 

^T*”l t—J (jliwJl JjJJaj “Uli lijlS 0^JL i_J 1 

> _ a J liSI c^Ip ( j^> JjL vlili Jj»jj ( 313 >-N (_y*^ lS^ 

^ j^-l *>lSJi (J-jjIj J (Henry Becquerel) Jj^Sw tS3® 
ojiiij ^ j-jijj-Ji j^s (j** oj^LsaIi ijiiii i»tj«i*yi 

p « ^ p 

l)I k— s^p L* <jL^^ 

o>c^i U oljliJl W^i 

olijjSjyi O^" 0t>ljcaj 1^1 ij^l 

.oljUl 
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jt<LL. iS*>yijj 



_ _ 1 ^aJ c-^£<2 j ^jjI^II 4ji— il • 3 £ i—.~ jIj' 

I^Jw? ^_flJ j2 iJ j£j t^ylaJl* 
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jla. .«2 ( _jlH jpl^-Jt I 4A«b>- (j J^aD LjjjI {jA .ilp LaJJp 
j»JfcJ LijjjI f'l e lf' j»Jipl Jaj yS- (jlSLLo (_j|j ijj—vl- £ uLa Lg-lp 
Cavendish) ^jX^S J^a* Lf ai .SJUJLi-l ^LiJjaII j j L^,:.,..i 
ol 0j-~«jis t—ijj j>- oJI tl J^S (J (Laboratory 
<LjJt)i <LiJjii-l it —->ci iajLiil Ia jiu 'y 


£-IaJx Lfl-j Jjilj! (_5^^ ^(j 4—Jli JjjA (Jjl>- 

L»y>“jJUl i b>-Up .^jAa jI (jojliLrr*"^ L/-J 

<jl ^^aj (Jjjj ol Jj^A j£&\j .^IaJLJI jI IAjjUo-i 

(_ \jy> (jj—J^jLa ji jl£) (J (J-XJ—^ jiP t— 

.((J_jAaJ( (_j 1>I—ulj (Jljj 

<d^Al ^y> jJlSJ! £rj,S31 i jA ijl (3 (l)^-aa_ji ; ’ I—j>ljjl 

8ylj5 O-Lp ijLJl l)I (—>I £jl^ 

iIajjAj Lp^j«j «ii LIS jJ ^ tjy>-jU 

* 

I j-aj* Jaj Lo jAj (—laall ol^ ^U-JL l I ^lla'.xl 

p p p ^ 

^ 1 ^4^.JLJl AaaJL-*» coLo /^o 4 p 3^l£Jl Aa**»I <1)1 L>^3 


.oLjJ^J)ll 

jj^dl ^ jj—jlf?- »-l j-i t^yj' ji 

(_J (_$JJl la-.-J' ^...t4-l jUsNl 1 <Jlj^* iajlia 

«*■ M 

L-w) jx) j^aJLa j^jaLs (3! 2iLpNL iw-jJtil ^yi ll 
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Ji^J^ll jS- i—<C JJ-P Ax**»l ^JL» .tj j-—-° s^Ajjj>- Aj yf- 

1—9 J& (J Axil ij ja <1)1 < J-3 E j D <ju l y*J B jJ-lJl tA Alj>x_jJl 

.^Lx-iJI >JJoj£ ^1 tj\>-jiJI Cr*^ • 


(Herman von Helmholtz y} j&Za j y d)U y*. ,jliSh y\jyj\\j 

I. A..* 3 1 (_£jL~j Ait —o Jvilll (ju y^a'< ^^P 

.,». laf .j i?Li>i JJb^j «—>jlijij l*iJ — (*^ 15 —^JaS 

tplj^jjJI oj.,^ |>jl><i—j LjLil jL^A-l Iaa jlsJ 

4*j i ^ • -,/3 jlT 11 ^ ^. V.^p AoLa ^Jl S I a 1 1 1 LI 

. o L .>. i ..« „l l 4^-jlj H ^p c..aJLSo 

* 

|V"<j Aijj -ill-* oils' ^ tlaj^ ^IjjxX-yx'Vl JJ.5 jlj 

Aj^L ^xA^-1 I^-Lp Ja^- AoL«-*L 

* 

jali 6,3 ^Lj IJLjp- A*jj^S(J 1 SjuLlJl cJUaJ jj— p- tA-j j g^ll 
L^*j^ p«j oUj^^JNl j( j-L*ll jjjI^JI J 

Ja—J ol La jj^a-ll y*J .^^->*^1 Jp jS 1 (^L~J .tg>v> 
jJ—a_^Xj 0~»S j>J t aL jLtU viJU jwLa« 

■ ^^il./all olaialj ^ ^pliM iaUaJl jJUaoj ii^La'bll 
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p. (* 

J«£>“ C^Oj LoJilP .Ljjp Ji^lii O^S" 
C-Otajlj OjJl^Jl (J^>“ V—J-g 6ibLft 

» P ^ C- ^ 

twJ^>j j-Li-l (j^ <3jjl ^L«-i oUii ^jliajl jl \r^~ 

ilj ijl 3ju c ^l>-jJl 4^*3 j~A 3 ( 31 —Jl ^y> ^-U-^Jl <u>j 

. UaJi 160 J* Sui 



l i j .^ ij ^—J ' <LJL>jj o^— -aji? jl^r ^jA • 


ljj>- Lp ja 0^ JLg-iil liUi ol Jj 'i/ !i>-U-jJl 
^-a*> ( ji» JjLs SjuJi'yi iljj J 

La ISlj e.sLa jl t(ectoplasm) a-LiUJI j j y_ 
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jbs_L< iSJjijj 

t_ . la A 11 4j«3J 1^-3 ^Ui ^U.lJli I jLilj t4j j>t*n 

.UU- y^l 

o5^^»- la-Up .olilLl la^.t,'.* ^jA ijllll ojiaii-l 
Aj^Aojjli ^JjL-uV ol?*3 t^^pV 

ijj*5M ^j 0, 76j Jals 3,5 -Up >— > j-J'i/l Jt?M.a 

^>jil ciilj c~jIS^ to^piL-a ^pN tU aLIjja^J^I t—JjL£ 
* * 

0 y~*A ^*^P ^1 (3 ^-0^" L^jOUj A»——JgljjJ l i 

AIjj^- ^lat.-~ N . lgil>wij ojg-—i-l aJLxS” ^Jp t_A34I>eUu ijl 

Cj\ c y^ tA-l) <_£j>-*bfl ^jP ijUU—aJl {j* til*Uaj jl 

IfSCL-o Oj£j ijl ^^<*J Ala.—.) 4 JL>sJLi 4j^>*JLll Oj^Jl AAJt>- 
t-ji-lSsj t( ai>«jJ| oii Ujj ol c —>JJ *>Cljr 

• UV -* 1 tlr^ ‘“-•^ 

oUlll ^_j ^jLJl jLJlj j^jNI -X^>- ^ypl — ^alsji o «- ^ >j 
aJu»jJI Oj^>-!j aJjLhII ~A>tAjlil 0^5l-Ul ^1*3 i-A-ajj 


IJ-j- jJj^J|)) ) .^1 ^jl10 8 x 2,5 ;A^jl—iLl 

t » 

t—3^*j 9 I ^1 ^Aj 1 ^ILaU |V.‘.**1 

' e 

Lji^3 A-i j>P LjjjSj A-jIj AjjL-JI P-li^11 4 aJL ^ j } j £}\ 

/50 A...,»'..) j\S”! l$J| C«ly»jj l _ J lSl Ao>tjllJl cJlS"j . (l?lj 100 

jlL/Nl ^4 ^JuJl ^J,P 44Jj-JlU <^Jljl 
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p jl4 


^ll jliJl £"jj <1)1 !A^»j 0j,.,..^ jig jjiia La ciJLii j*JkVl 

ji ^Jjl5Gl (_j ^Jjr'.^ll j-ijcil £jj j\ C_Jj~)Vl 

. Ig ij oilil A£-iU I cJlSj toll a..>«-'JI oJLU Jiis 

OjjJ fljlil Al»e-£jl A—b C.— .j Jl/jj !<LjjP 6iL« Li U 
^Jas jju LiLibl a-Lul —Lulls' ^ajLjJI k_ia>-1 — J^-jjO-jil 

p\ djJ&J>l i*J oJtfj .(5JLUJ0 <LdjJ&J)ll Ui-I 
10 j...-aJli Lalj caJjU Coils' AIi>t^i ijl Lai iLo yu o y> c_jjJl 
^Jp £3J aJI aJ jla>- j»j tSjJLil ( j» jS&j jjw»l olS^ 

• Oj-i .Ja-La 

yi jlas ‘LlJI ji£ ^ “Li ^j j*JLj 0L5CJL>» <jl£ d906 |»Ip j 

f. * * g. 

A^*J3j cS’J .|0pLm*a bLbJ (JI^J A*JlP ^J^alS* JlAP 

j j 

ai^J cowU>- ojL*—* (_jA^ a^mmuIjjJI a^S” to-jb <L *tLpjL Lvvjj^o 

^b jj*P ^Aj C jj>jdl AballJl ^Jb Aj *)l J?L>-NL) jjcJa 

C. J 

■jt-fr* jW*-»l t i_^Lj. ^ al 1 L. ,., , 1 

j*-Pjjl ^P COj—A^1? Aj ol ^y> Cj*&i (p' (l)l^~L*a ijb 
Ol £^*JL| ,JL*j A../ae\\ ^ ....,. ^ ^1 L^l 'iM caJLaXo L^l ye 

^L>ij»-'yij CaU>iJ 1JI ( jA> aycb A~»b J^Jti l 5 <J>Li boUjj^JNl 

J^i I -b3 j 11 g ■ *. a' Jw-.^s....’ 1 c_illail AjLjA (_j ^yOSH ■>"’i 
cOliVl j Jii (jj .AiiUala Ljil Oj*~j> j)e 
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c JL^L. * as'jijj 

4 ^-yA ^jp Sjlp *L> j4^\ jL ^-ftolilpL) I^O^lJlj julj jA ClOjJl^ 

A>-l (^jlil 1 ^jA frj Sjl>-^JI \jJrj .4 j ^ I 

Lolj jjji^JNl aJLzS” Lot £ j y~~* jl? 

Jl^jco J p-^JlxJt Jl>-I 1-^3 ^15 4jjl j£sj jl^Jiva I Jb 
— *lll jl>j ^jA 4jl><-*>* jl1 4P j^ti ft^tu»-U.*315A j y~+Ayb 

.(jJjco *1 pj ^15 (J jJl jl ^Ijl^i^L [&j\j j*J 

.4jjUaj ^JaLflj j 4 jI>s-mJI (3^ -^Tjd jlS* 

ip j*# yl 

3*b*J IAa .iJL^^h c-»L*> 

4.<>»^3 v 44jl^ w JI 1 ^I 

4~j jjiJ 4Jfl^ jlo 


O^ju jlg^~ ^^P iS 4-JJaJl oJla C^jIS^ 

lOU/lIj i]y^i\ ^jA A3yJ^- 4*uL>t~Jl 09 43 jfr 

^p i>L>t—JJ ^jLJl ISjlJ jlieJl jlS3 

* 

^Jp 41pL oJl£ l$iS*^>- ii'_/° o| 

* * * + 

ju LtLcoj LjU 43 j-A ^Jp ^Lj jl J**! 


jjjJuy yJ>x^i\ (Jwbco ^Li j^°J tk _JUIj 

.ajLL->- (_£ o » «5 

cAjU>wJLi (wivaPj ^llill 0 LSn—I—^o la«..tf tvilli) ( j^ 
oljias j*-a> jl Ja^-^l ,_^>- j-«VllJb (Ji^A jl .. oJLLm 
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Oj_jJ *1jAI <J <jsJjc» oiii aLil 
.(j(JL>wJJ 4jjl>«ll oji!Li 4-aSti-l s ji c-jjl jj 



k iJL 1 C £-1 ji <ZjjJv>- JI B ^LaJl f\ c ~e> <S*ji -JI 0 j—bj ii ji- 
£*>*y ji .^ — . k j siosjJui! A ii^iJl ^Jjksl 


»>- A>Jjj^laJl .X^,s>.y,«i kiJJi d)l (l)L^J-w« -tljil 

* 

4j^S tol jkj)}\ 5JuLS^ i5ijjLj' A-kIj 3 'il-JLiJ 

v_J_^LJL‘ (J ^Jis-olJbj j^-V! jlj oJb»-ll^,*la'>-*)\-» <uSC*j 
AaLw ajJai JsliJl u tjj^ojS Jj«j ^f- _/-*-vS? 

oJui C..-..Sjj <LpL~j iiLwo'VLj ,al>cJ (<ulaldli) JLgai-l n)aa^j 
.A.1..»J 1 aI^JlkJ (jUai-1 d^u ]ff jjL ~J l C-Jj i— - , -'> - 

ejlaali jJldil Oj^ll d^j Ujlia j^“Nl jJj ipL»j oULJl 
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cjjJ.jj 


jl 5 LJLo Jli ^Jp isLtoJL! ij*i_JLll a^^Sj oJu>-I^J l 

t_ip Lji^ jl t4jl i3 j\ i2 jl 11B Ic-jtS'd)| 


iiJL>-j . «LgJlp cJLa>- ^^Jl a^*-«<aJ! ajlaili jjp 4^>s-i jjw?V 
LjA L> La j jJ oLX <u>*_JLJl ijl iJb Ji <j| ^'i/l 


.pJjS" ,9 “10xi ,55 :^jLJ 

^jjJ (Winnipeg) 0 ~Jj J! jl^LLa yL- 1 1909 j^w j 

(_j _ ijA»a IAjO»j Jljj Nj — LgJj £^5lxiJl 

<u~io (jJij jJL*Jl jjjJalJ iJllajjJl <L*^>JU 

(Ernest Rutherford) j^ ytJl ^ ^jl iu_L£JI 

o» 

oSm 

(lr~i (1* ^ ^ Jp -dl 

jl oLSUbwa b>-li 4viJL!j Ji*j .8Jj*-Ij i~a.JL$3l 

Ij.* iy k — j ^*- 4 "l ^j^NI JI^pI o»u?-l ^Jp 

. i ju ji>u^y i 

^ * 

A>*jllj j£> 4..A .S (J ^3 IjUaill oJJjjl (jj 

• * f. 

f-U a^la3 #L?- SjLs jU t^>wJl (Jl I_Jaj .Lc-Lx®j. ji^l 4 -Sj_J aj 
JpUi «Jt>-lj o Jlas ^ila-.^l ji J-siis'yi .(_^l_jiJLt (j^Lij 

.ojIj A,./i.a>-j a jU -t^J-l JjJLxJ oIpL** jl adP 

«dii- (_j <_jIjjM <J ^Ja>- c i ’ yi.La <J jg -*■ (J (3*^; Ol^ 


• 5 ^ 


Ip 
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Harvey) jti li JjU ^ i^.U? tjplSL-i JJ J^>j o' Jl*j 
ye- t»L~>«-j jlS’ oljj^jJl iU-j-w i^JUs yt>j i (Fletcher 

i> yf- *! yy\ jl^aNLi jl^ lj| U (_£jj d)l U>jjJflM -v ?ja 

* * <■ 

jL .lli .f-li! Cj! jiai Nljj 5 JiaJt}>\ 

^>-ldl Jb>-I yA oU-LJl ( j-“J^r'-S >.- a.la’-* C-jjj i>-liu ixs 

sx ^- (> ^ 

* 

^jA lilij S*Ls<x« 

tjl^jL-| |jjh do jJI 

o 5 p. =* 

ij-^-JLo dolj)) :MjU vliJL jS3 

J-kS JjfcLill 

9- } * 

.£jS j3 (1)1 4^3^° d»|^^w>«-0 |p jJjT (jL>tJj OlS' 

o' C- 

|Jb t^lill ^->w?^/l d>ljiaill dJa^A l® jlp 

^ f- 9- 

l^jUo ill^3 P-l^Ali 4jll*>i IgJLa J-’W’^/I C->ljlatfll (jl 

.oUaijJl Jj4 tJ*$J 

(_>Jl>- yA ji j-ills l)LS” ^ J-il (J^I>U 

^»ISJ iJaJU ii oJI xJ ^j SjiUJl O^ljjlllJl yA Aj\*S AS-yA^- 

Xft i ojQ t j L . J I ^ 4-0 ^ Lb o' I Lj 1^1* ■ y*j 

C-jXOI 1^.3 fria-j jJ pN ^3-UJ 5«.,^all OjI jlaall ^<3 hi 

iftjyi »^iUl i5lScp-N! LjJ*Oa y>~\ oljia3 
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jj.jj 

L®«AlP^ ,4-^JL^UJJ o^JwaJl 

^j\j t<Upli? o^L*-wmJ jA^it j >*j jwJ 4iaiJ~l Cjl5 

+ p 

(j Ljjp2j ^ , ^ JU ' *t oI^IJlpL 

. j.^11 <C-^» ojl olojJl*il 
jJ* )j ^,.,^*4> c<uAp o -Ua>- ^jjl jL^i-l 

^4 AU-l.J A>c^J> jl£ il^ tlLstjI J ^-jjLfc l_«JL.9 

jlwUJI ijL>-jJJ! tw»Sj .SJb>-iJ 0t -*../ai 
(J^ - jl (_|p t _yg’l ‘ .<i >?i ' ^1^-jJl ivaLo 

wU>-l ^Jij .<w ?jj 20x15 LiL* >xi./?ll ». • -* ^-1 ^4 oJipli 

jjiixi (JJjta (jljla^il *lpj !* jJUA4 ijLft jlS jjij^jaj! 

. e-j-^Jl ^J A—jJLaj Sjjaj J^IjJ. 1 (j £jUJ| (_£.ilojJl OjDIj 



jS* o_/.»../a 11 o! j\ac\\ Jafl.w ^*.. > - t jlSwLl C-ojJl ^JaA) 4jj>«lJ I Pi..,.‘.Jl 

^-\sJla j'S’ (^Ou^all! D_j C l>ijJI ^j\^-^JJl J/j iul^tUUll J^b 

* (■ 

IjLaj £$jJ 4jJ.^a.4 ilLjb tjL^Jl .AjjUaJJ 

ol JhJ^\ 
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LJ jL4 



f. * 

jl ^L.,<all OLS" 

.pjA9 jllai (_5 ^Lp jJLa .yi.< (JjLlvol 

iiL* jlS jJJ! (ju i*<ail^il ol^iaail (j 

J-g-^- (i—jjSwJlJlj (ju jl£>- j-*j) 

i ^-llAa j t^LaJl IjpN AjtlaLSl« -Isjja>- aSC-JLi 

* s 

jLj® kiLj^- jlzp . jLzJI J-J«JLzJ 
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UI^JLa jj * j 


id Jali 2000 D Ajj)o 

J,| A&yi JLpj .(o^jJbci! *taj—Jl Bakelite c~J£Ul a^-jJ 

* » 
cLL^Aj -L*j .Als-t-iJ! JbJLjj l>ca ji-Jl IjJjL*! 

Aj j£- *_ill *!y- _>Ll C-jjJlj A-tySlI dr 4 

AjJj'bl i\A*.~.*'}l i AftjSi! Cj( j -4 '■—’^^ Lfcly-I 

•a 



^-JjLa S_JLi ^^ jL^5>- 

(Alison Kent) c.y j j—Jl <L1 jj 
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jts- J-jvI 

jj p c-j^j jiap ^L>«j ^y 31 o-«J 

^J-JlsJ! isjJL* cj j^j\j t<_£jl*J! y? ji}\ (jji oy*^-\ 

oljJb 4—il CjJj j«« ■ i^Jsijl j<p 1 C»>1 j]aa\\ ya 

to y waJl ^^>*JLi Lgla f-yjs y> £-L*-i J jLjJl 

C-iljia^jl ( j*o o-ls-lj y£i\ jl iaiasxil ijlSj .1 y- L» ijlS^ La y\ 

f. f. * <* * 

t^jJJl Jl^s- JyJcJLli ^ ji\ o\j tlliaj UsjjL* Iso...7 ^1 

.La 4l>fi Ljil ^yUaj tiJllii tob*t9 9 j«..<S 11 olju l.ili 

^.laT.ol tJL^oi-l ia../aj ^^pV ^LjLo <t\jy*SJj 

4j isjiaiM 1 gla yAj La9 j »,./S abj| tl^ljiadJI <Z-—iy 

ioL 6,8.. . ^JpN ioL 2,6j iJL 4,2$^s*dl i~*Jp 

... Jp^ v 15 2 ,2j Ji-V 7,1 •. .JpS v L * 4 > °J Ji-V 

. Jp^ v 15 3 > 3 J 8 > 1 

tii^axlil qUJI (_S^ t^U^J i—P y ~»I Ol-b 

4las-*>LL iJl£ OjTi oJL>-lj ojiaS jjp oLiiVl (J,\ is-L>nj CJJ> 

Oj 15 li| La ^yilj jj*.idil <_§ 4£s-Lail oIaj^tiJI 

* t 

oLa ^Ldl ost?" Lajcpj .U oJJb j I o ^i S - ! Ji s ^LuJl 
t_i yu i).>L*^ JjjjJs ( jp) L^zk^ OjJis^ tC->ljlaall yiui^i <W?liA-l 
o-Ls-jJi i_jL~?- ( _ ? ^5Lal t(Stoke’s law 

Jtf*-I y> 1^9 .oLj^iJl t-.lS - (j IJl>- 4l^.v o-La jJLj 
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(jlS s.j-L * iS->jjjj 

iuJl o jjIjJI JLj L^j ^fV>-^JUl ^.^P 

p <* tf* p. 

^p jl c^lsL>- J^Jl LJJjco ISCjl* O'J lc4^ 

Jal>-I C/.? .^/Jw^ll iwJiill ~L»j C^ojJl 1^5 ^JL* 4-j^S" jjij 
|jb Lo C^~Lfrl^lj c^^ojj Jl^ (j i*JL jl <_£5jladll 

> <* p. 

^^ImJJ ^jp IJLaj ^L%%JJ j)Jkj l^>-lp C.Jlj 4 jI 

p *» * f. 

c^>*jA-lS^ ^ju l^il ^I>- IJbj- aJLaj ojJaxll (JUL^I 

p ^ w p 

^J...».>.J J J>*-*-> 4P_y~~J ^SJLJ Ljil A>-jjJ |jl>- 4jj3 0>t-Jj (_J^*-^ jl 

p. p, ^ 

ol ,1*3 oJlP O’I oJ-JL$j cJjb- ^iilj ^jp IjLou Jl^.i-1 

p, *» 

^Jp i 9^*Jl aJLjCo 1 Jj>- 4j j>x .ill oJLa (jLdjli $4jtJLi-l 

. JiVl > J^r ^lil ipl^ j\ j^l 

p. + 

jL>^l ^ 1 1*3 ... J *ol ItA^- ^pjL (ji^<kL>tf AamI c.« >1S 

JjUx] 4j^la ^1 jlPj t4j^^«Jl) Jj.X«m. il l (2^* cJ ® 

JSj ji L^l ^jJl lili f'LwO li>-'V £*>-j tP-LLjJl ^l*ip 

ol^JcJl ^jP UL*-o ^T,.„,./aj 0LS" <• yJLlii eJpt»»,« .3 j ,>- jjj .il y>xZj 
1^>-jU-j e j\*.,q ]I ejJaiJl (Jp ^yfcj oLjj^Sv]Vl AP^~» (J 

lilj . j^*w»*«jlji jLo (_j pLbjjjJjJl Aj jP ijjlal^j ^VjjJLJI t_ jIS 

Lb ^-‘ jS i OlS" t4jt-iis 4jtSJ (_^J obj^J^I OJ^-li?-l 

^L \y-jJijj ^p-lo^1 

pc-LLI oljlaa.i «-pLi-| olSLLo oLLj ^I^L>>'I ^IIp j*-^bk 
«<JjJ\5JNl jji ol^-w^-bi (Jp *Jl jiLJI diSL jppj Luj>- 
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OLSCJLwa aJLp ^ip l» ^ .A^JLU J.n vol eJL>-j Jl>- yj Ajl ^jjoy 

CiOjjJl 0>1jiai _/uS' 3| 4jj£\ AuiJb jiS^ly y-w^Sl I 41) 

jy* ^yj 3_J .La>- OiUyyi^lj .ilL* OjIS' JLas 

4 (Charles Proteus Steinmetz) yiobii y^lJyyj yljl-ij 


^f. ,X«ij jAj JISy 44_4jU»*lJl 6 -XaLLI JiSljJl ^yli 

.((IJbl JjL, 0 s ! yS’l ^ . Jai dlSS 3 *Lp^ (jS’l 1# : yilli -b 
jlSDo »U 3 Lp y«i 11910 ^Lp JjIjI 3_j 

oJy^- -4 j j»*«sJl _yjiaj aJLlI Lj^Lill olyl-w.ll j1jl« 3^ 


4 y.Ai.ll 3 Lp yL$4>- 31 “-J'-Piiii 3^ £-L »y cJl5 ^ill 4 L?.... II ol^*bll 

^15v>-Ij yyaJila JLgA>-y y Sjly>- O-yJby t^yilo f-1 yj- ^ OO 

4 w<^l 3 ^i . 4 -jL> J 1 L 0 »Syll y_jJu 3 ^ Oy^lij ApLwjy 4 Jb.Li 

-Xas 4lgioilj0y ol3*^11 5*1y* 3 0 jy^ t 5 *ill ^Aalll kiJUi jyP 

' 4 J j£ji* 3 0 L La. 1 l 1 34 ?^^ 

t << 

.. .iilwll ^y> JlS'La y4p ...L 4_Ja>- ijllfc ...Ijjy ^.pa-jpa 


,y« (*Pyll 3 P ***!J ®y^ 3 ...yilU £j| y ...i^-jiya 63a5 (yy 

p ■" 

. ..^JlaJ yJ ...L Ua>- 3llA ...LU AowLw a Jai . ..lfroA^>- jjw* 

.4JL>aL“1 4a y>d]l oJub jl^li 


!4jyL^ 3 oLJjjsL-1 4...W.I Oily caJLas! 3yiy ^JL l^y 

.tflt ^ J*k)M 3 p J^l ...yJLU aJUu 

.e-y*aJl 3 j OjLS^ Lg-w4 i oUyyi^lNl (l)L”y y^Sll IJt) 
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Qb \.L* iSJyijj 

ff. * * 

aJL& ^ ( JSV> ijjl* Jastj l-JtSJa Li>-'y dll^JLa >_ ~S 

_lP <XplIs7^bj .jjJ&yi V/ £&lj (_J L$tj ... i j^xZJI 

gLpI JiP <£$.!> fly< <yg <Lj iSjLij^Z^iyi 

. • '0-b 

A1>«-JLU oJL>-jJJ iwU-l 11913 ^Lp 

Jp! UU- If. cJ.JUi! UjiJ0 .pJjS" 19 “10 x 1,5924 : 

^JL~ dJUi JUy .( l9 '10 x 1,60217653 v_~~^ j eJJi* jJLi 

. J>^j o^5l>- jl>- io! 
JlpLJl! i jl^3 jjlA olij JLmj . 4_o^P iiLfi <w2jjJJ j 
j^p L^s i_j jpl pJ oljS^JL« o_^Js> 11981 ^»Lp jlSLLL 
J* J-^r (1 ^ oisU-lj J <uJipL-i jl^LJbi 

_>oj 5Jai i(3 s-s^^sb J^** * **^' 

j&J “CiLi (3 Jp ojlj 1 4 jI_jj 

^JLaZsII » ^ -1 I J^S*~ j] I 1 d J11 01 ^ 4 tf g ,p 4^JlP 

4jjI*J JalS^ Jp ol Jp l)jJl£UNl 

-v*! jiSi 

tlfJlp aJIjua* <uUj Jbu<uJSJU jJLiJp 

.l$Jp i3' j* Cs* (1953 ^»Ip ij ijy t^jJO jlSLL« ^y- <u£l! 

l yap%*Li\j (j—J 4 jI U ^.p'l cOI^JlL iJlJJl Sji—Jl Jp 

Jp jJj 4jbljJ (1)1 jl “Loll J <XA (jl PJ.I ijj 
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Jl c- 4 _ajLP jZ*s- JoA>rl 

^ J : h• I Ajlj'il t. . ...a* J Jj Jp Jji* .0jjUs ^JU 

(jjJI^J^/l (J JP oj5o aljj AitiljlSl ajjjJl A)! j*PjJl Jpj • 

twilJJlJj . aJU? al^ pl>t** JlS”l (j_^d 0i A*—“J (j Ol^ IfJ^S lA-xUjj 
.L^-U^aj N Aj^Jtlll; ^ysZ^- llA AiLp jls 

a£>-*^ a Jo <j ^ Olal^t jl jJlli ^ ^yoVlj 

4j r\-..— fi j I ^JII .4j J jlS^ jl^JL>o jl UoLjo 

4 JI Jp jUj oils’ AiUJjl Oal>0»ilj aLpi* 0>Jl>*-a jj 

. la~.«wa «jj tplll ajl^il j*P-Ii AjULj j jpt-j Jis 

ji^r^l es^ l i_r^ 1*^-®J 

iJ*yij A~jL—j>-I jjb jl^Jl—» jl Jlfilpl ^Jjl ■'—••■ijll ejas A> y£- 

t m yA ■ ^ -J I Ij y IJ A—aOI...W. 1 1 a— 4*lp" »l^j c« p 1 1 

(j *^>-ljia t J Jl» JlJ jl <■0.0 jj! Apt-* Jp O j-pJLa ^vp A la i» ■/? 

a Jai JSjl (J « jSsO> jLp aji jl ijp- JUl -X^a*- jl ejl jaJ~I A>-j.> 

. Jsui-I Aj^i^ (_5~® j*-L*j OLS" -li# . Ojj 

jj.> ilijJLi-l OaS <Lfc! jJI oUlpiNl Ja ejUl JiS'SlI 

jjll» ^Pj jj.S LjU>- jL^i-l ^y**ZZS jJjL*pjij iljjljp Ju Jali-I 

(_jji£ JS^ Jp ^al 4jJ ,e^»-jil A^l .la..’.'_~ ^ ^jiS 

JpUi-^iS^t aJ-^ 45t ^* c5J 5 ^ 1 * J^-4^15^oT 

.JjUa^l 

Jl Jll —ij J -*jj jl ^Jor 4jl .i i~*± vAaL^^Ap aJp ^ J tOuija (1) 

• ~ Jj' 1 
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dL*5h*- 


ojj.il r. dj^LsJI djj^UI 


Ij-iaj ^y.JLiJl jL>xil (J Lois' C-iS (.2006 <C-o i_ii y>- (j 
C-oiJl tU jjjLJISLj \j>j\j loLo (_j AjjJaJl f-Ljoil! J^jc*_> 
( _ 5 o*L>- Lj-lic-l jjj .®(j*)LL>Nl jl£ bUa^- 

. JU- J\ Nl v b£Jl JjUo (1 bli jA .-j sl^l 

L$iLijSV (Marie Curie) ^j^S ^jU ^ij-sl J o^So 


ojui ajuw? <wo j-> 

(J. Ijj Ija oJmll 


• » f 

.4,»..la.,ll ^11 p (J U?j..,<aa 1 ■ /?.->. c *j^S jiSI i —a JL S AjISj 

L/ 0 <>«-i J* (Lise Meitner) jJ J, oJjj 

Oo^>-I CjLjo^Lii! (_j jUa.* iVI j_J SJjI jii jl Jo 

Fritz) ol^lJLi yjjij (Otto Hahn) jU jJjl ^ jjbcJl; 
JjLcJl diii JjtiJl) jJl*JI Jii .(Strassman 
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^—3 L , At -' , ^jI A3jjJl 1 ■ A ■ i^.A 3 tO J\ o ^ ^ — 1 ^>ljI A ^wflj 

.U.U 439 *1^1 (top quark) iijl 

ip j>c ^i C-JL5 t<u]?LipVl jJi>- JjL^I <1)1 cl I3lj 

Rita) Lf kJ bjj <_iLiiSl je* 5 jts- ioU-l 

l^jjli ii-iUtj] j\ J^le (Levi-Montalcini 

ob-4-lj L ^Jr\ ^.Ja'.tH j£- (Barbra McClintock) li jzJSl* 
C~II ^1 (Chien-Shiung Wu) jj £j(juiJ 4 j^ jl ojiliJl 

^ f- 

il)lijjli c_jsJli£ iU^wail <1)1 Lg-3 

.(conservation of parity) jjp ilisUJil 

.<us ~lp1 oIaj k— jO wtS^ Lo 

. _ «- 

O^-rT J' Ijyjij J* £*d (i (i 


<iJLU jl Ojjjj-Jlj (James Chadwick) dLj.iLiJ 
jLf <jj iJu<3jiij (Heike Kamerlingh Onnes) ^j\ 


j*Jlp ,j <jjl(GregorMendel) JJC*« jliliA iL>- jJl 
(Oswald Avery) (^yLI dJljjlj ;oLJb- J Ul y>-\ ^1 

t jJ 1 ( ^ ^ J»J ' U- I . i.,(3 J 1 ■.i l . . 11 j I 

^ ( J5 I^-jI «_^aJI (_y®j k(DNA) 

(Martha Chase) lijUj (Alfred Hershey) ^ jj» Ju^aJI 
(Jj j'j ** j>*ii« 

d.*^) 1 kL>~ jj ^ 4j l^L jA» ) 1 g fl‘ .,/a 
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Franklin) jLi jJlSjl j»j (Matthew Meselson) jj-Jy> j-il» 
a~Jl> iSJy^ ( jl (Stahl 

1^4-JjL (Crick) dLj$j (Watson) j j— A>\j LJ 
a y\i C-jL^ 4ajll«»l (JjL«u ^yjJl.*} 1 <jji!l (jlS - \ 

^Jl JjJj .A -AcJ. 1 jl ijij 4» ;; lall j»JLp cl»XJ!j j l!..> 

.C-Jj JLi t_JjL>*l3l 2jjUa ijiSU-x ^ lg-3 

aj-i-f’ Aj^IjM ^J-*J-9 jl ^lat.-T 'i/ lLJL^J 
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* 

jjla^Jl jfllaij ^51 ji o^Jcil 4*««H1 I j&J ^jk j 

C-*j->l cJjj^II ^P ^^jjLp ipU^ JUP ^f\P 

talaya. ^jj^l^ll ^yJ y <Jp cJ<J p jib Jajlj^Jl 
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